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) Indigestible dextrin. 

[) An indigestible dextrin characterized in that the dextrin is prepared by heat-treating potato starch 
with addition of hydrochloric acid thereto to obtain a pyrodextrin, hydrolyzing the pyrodextrin wfith 
alpha-amylase and glucoamylase and removing at least one-half of glucose formed from the resulting 
hydrolyzate, and comprises a fraction other than glucose, 

(A) said fraction containing at least 80% of an indigestible component, 

(B) said fraction containing 30 to 35% of glucose residues having a ^-— 4 glycosidic linkage, 

(C) said fraction having a number average molecular weight of 510 to 965, 

(D) said fraction having a number average molecular weight Y calculated from the equation : 

Y= -293+106.004X 

wherein X is the amount (in % based on said fraction) of glucose residues having both ^-* 4 and 
1-" 6 glycosidic linkages as quantitatively detemiined by "Hakomori's methylation method," said 
calculated value Y being in the range of variab'ons of up to 20% from the number average molecular 
weight as actually measured, (E) the ratio of the weight average molecular weight of said fraction to the 
number average molecular weight thereof being at least 25 :1. 
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BACKGROUND OF THE INVENTION 

1. Field of the invention 

s The present invention relates to indigestible dextrins which are prepared by heat-treating potato starch with 

addition of an acid and hydrolyzing the resulting starch with alpha-amylase and glucoamyiase and which con- 
tain dietary fiber and have a low caloric value. 

2. Description of the Prior Art 

10 

Pyrodextrins are prepared by heating a starch containing several percent of water in the presence or ab- 
sence of acid. These dextrins include British gum which is obtained by heating the starch at 135 to 218°C in 
the absence of acid for 10 to 20 hours, white dextrin which is prepared by heating the starch at 79 to 121 °C 
in the presence of acid for 3 to 8 hours, and yellow dextrin which is prepared similarly by heating the starch 

15 at 1 50 to 220''C with addition of acid for 6 to 1 8 hours. 

It is known that these dextrins are consisted of glucose, the component of starch, which consists primarily 
of 4 and 1-> 6 glycosidic linl<ages and contains very small amounts of 1-> 3 and 1-> 2 glycosidic linkages. 

The proportions of these glycosidic linkages are disclosed only in J.D. Geerdes et a!., J. Am. Chem. Soc, 
Vol. 79. 4209(1957). G.M. Christensen et al.. J. Am. Chem. Soc, Vol. 79, 4492(1957) and the literature men- 

20 tioned below. Methylation analysis of pyrodextrin obtained by heat-treating commercial corn starch with addi- 
tion of hydrochloric acid reveals that the pyrodextrin comprises at least 57.3% of 1-> 4 glycosidic linkage frac- 
tion {2.3.6-Tri -O-Methyl-D-glucose), 2.6% of 1^ 6 glycosidto linkage fraction (2,3,4-Tri-O-Methyt-D-glucose). 
up to 1 .2% of 1-* 3 glycosidic linkage fraction (2.4.6-Tri-O-Methyl-D-giucose), 6.3% of a ftaction having both 
1-^4 and 1->6 linkages (2.3-Di-O-Methyi-D-glucose) and about 20% of a fraction having other glycosidic link- 

25 ages. 

Further R.L. Whistler and E.F. Paschall, Starch Chemistry & Technology, Vol. 1. 430(1965) makes refer- 
ence to analyzed values of linkage types constituting heat-treated amylopectin and heat-treated amylose which 
were obtained by separating corn starch into amylopectin and amylose fractions and individually heating the 
fractions with addition of an acid. The analyzed values were obtained forthe heat-treated fractions which were 

30 prepared by gelatinizing the starch, then separating the starch into the two fractions and heating the fractions. 
The form of powder heat-treated therefore dlffisrs firom that of natural starch, so that the values can not be 
used directly for comparison. However, in view of the fact that the ratio between the two fractions of usual 
corn starch is about 8:2. the analyzed values, when calculated for corn starch, correspond to 67% of 1-> 4 
glycosidic linkage fraction (2.3.6-Tri-O-Methyl-D-glucose), 2.7% of 1-* 3 glycosidic linkage fraction (2,4.6-Tri- 

35 O-Methyl-D-glucose) and 7.8% of a fraction having both 1 4 and 1-»- 6 glycosidic linkages (2.3 Di-O-Methyl- 
D-giucose). 

Tomasik. P. and Wiejak. S.. Advance in Carisohydrate Chemistry, Vol. 47. 279-343(1990) generally de- 
scribes the latest information as to processes for preparing pyrodextrins. 

When analyzed, however, any of commercial pyrodextrins was found to be up to 30% In indigestible con- 

40 tent, up to 3% in dietary fiber content, at least 3.1 kcal/g in caloric value 1 and at least 3.1 kcal/g in caloric 
value 2. When starch was heated under altered conditions to increase these contents, it was possible to in- 
crease the indigestible content to about 60% and the dietary fiber content to about 30% and to decrease the 
caloric value 1 to about 2.7 kcal/g and the caloric value 2 to about 2 kcal/£r, whereas the product then contained 
an increased amount of colored substance, had a stimulative odor, therefore required refining and was not prac- 

45 ticaliy useful because of extreme difficulties encountered in refining the product Accordingly, it is impossible 
to obtain a dextrin which is at least 75% in indigestible content at least 20% in dietary fiber content up to 2.6 
kcal/g in caloric value 1 and up to 2 kcal/g in caloric value 2 as contemplated by the present invention. 

With respect to the enzymic hydrolysis of pyrodextrins, B. Brimhall, Ind. Eng. Chem., 36, 72(1944) disclo- 
ses that when so-called British gum prepared by heating starch in the absence of acid is hydrolyzed with alpha- 

so amylase, the limit of decomposition is 3.5% calculated as maltose, i.e., about 7.4 calculated as DE. 

Further U.S. Patent No. 3,974,032 discloses a hydrolyzate which Is prepared from a pyrodexbln obtained 
with addition of hydrochloric acid and having a degree of branching of 7 to 16% by hydrolyzing the pyrodexfrin 
at 60 to 8500 to DE of 9 to 20 with alpha-amytase and which is up to 20 in the ratio of weight average molecular 
weight to number average molecular weight and contains up to 20% of oligosaccharides having a degree of 

55 polymerization of 200. However, the patent discloses nothing about hydrolysis with glucoamyiase or about diet- 
ary fiber. 

With improvements in living standards in Japan in recent years, eating habits have changed and become 
similar to those of American and European people. This frend has resulted in a lengthened average life span 

2 
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and a rapidly aging society with marked increases in degenerative diseases. Manifestly, people have become 
health-oriented. Attention has, therefore, been directed to dietary fibers and oligosaccharides enhance the 
function of foods and livestock feeds in that these materials are known to alleviate constipation and other de- 
sired biological regulatory functions. 

Indigestible substances, such as dietary fibers and oligosaccharides, exhibit various modes of behavior 
in the digestive tracts producing physiological effects on the living body. First in the upper digestive tract, water- 
soluble dietary fibeis slow the transport of food and delay the absorption of nutrients. Delayed absorption of 
sugar, for example, suppresses the rise in blood sugar value, consequently lowering insulin requirements. Fur- 
ther, excretion of bile acid is promoted, diminishing the sterol group in the body lowering the cholesterol level 
of the serum. Other physiological effects through the endocrine system of the body are also reported. 

Another feature of these indigestible substances is they are not digested or absorbed by the digestive tract, 
including the small intestine and reach the large intestine. On reaching the laige intestine, oligosaccharides 
and dietary fibers are partly acted on by enterobacteria yielding short-chain fatty acids, intestinal gases, vita- 
mins, etc. Acidification of the intestinal environment by the short-chain fatty acids condition the intestine. It 
has also been reported that when absorbed, these short-chain fatty acids are metabolized to provide energy 
and, simultaneously, inhibit the synthesis of cholesterol. Therefore, ingestible substances are necessary in ob- 
taining these desired physiological effects. 

A "dietary fiber hypothesis" suggested by Trowell and Burkitt epidemiologically revealed that there is a 
negative correlation between the intake of dietary fibers and the onset of non-infectious diseases such as chol- 
elithiasis, ischemic heart diseases, cancer of the large intestine, etc. Thus, insufficient ingestion of dietary 
fibers Is thought to be a cause of degenerative diseases which are said to be diseases of the Western type. 
The dietary fibers are defined as the "whole group of Indigestible components of foods which are not digestible 
by human digestive enzymes" and are classified Into insoluble dietary fibeis and water-soluble dietary fibers 
according to the solubility in water. Of these, water-soluble dietary fibers have attracted attention as materials 
for functional foods and livestock feeds because of their great physiological function. 

For example, it is said that high viscosities inhibit diffusion of sugar, resulting in delayed absorption of sugar 
and reduction in the rise of blood sugar value, consequently lowering insulin necessity. Further it is said that 
promoted excretion of bile acid into feces by water-soluble dietary fibers diminishes cholesterol in the serum, 
and that after reaching the large intestine, the dietary fibers are acted on by enterobacteria to produce lactic 
acid and acetto acid with these organic acids lowering the pH within the large Intestine and preventing cancer 
of the large intestine. 

Examples of such water-soluble dietary fibers include guar gum, glucomannan, pectin and like natural 
gums which have high viscosity which are difficult to ingest singly in a large amount Further the addition of 
these fibers to processed foods encounters problems in preparing the food and presents difficulties with re- 
spect to texture. It has therefore long been desired to provide dietary fibers of low viscosity which have the 
same physiological functions as the above fibers, are easy to ingest and are user-friendly in preparing proc- 
essed foods. 

In recent years in Japan, processed foods, precooked foods, fast foods and the like have found wider use 
with the maturity of economical environments and the resulting improvements in food processing techniques 
and distribution techniques. With this trend, diversified information as to the ingestion of foods has becorne 
available, and eating habits to fulfill the nutrient requirements are changing to health-oriented dietary habits 
contemplated for the prevention of nutrition disorders and degenerative diseases due to eating habits. Espe- 
cially, people of middle or advanced age and young women have much need for low caloric foods, so that low 
caloric sweeteners and bulking agents for strong sweetening agents have been developed. Among these, low 
caloric sweeteners include various indigestible oligosaccharides and sugar alcohols, which nevertheless have 
many problems with respect to the quality, degree of sweetness, oligosaccharide content and likelihood of 
causing iaxation. 

The bulking agent available for use with strong sweetening agents such as aspartame Is polydextrose only, 
whereas polydextrose is ingestible in a limited amount, tastes bitter in an acid condition, is hygroscopic and 
therefore has pmblems. In view of the situation described, it has been desired to provide a low caloric bulking 
agent which fulfills the requirements for use as a food and which is usable for sweeteners and the like with 

^^^^On the other hand, starch Is used in large quantities in various processed foods as a food material. Useful 
food materials of these types include starch and starch products such as pregelatinized starch, pyrodextrin, 
derivatives, glucose, corn syrup solids and maltodextrin. However, a majority of these starch products are not 
higher than 5% in the content of Indigestible component and at least 3.9 kcal/g in caloric value, so that among 
starches and like materials, only pyrodextrin appears useful as a dietary fiber and low caloric material. Heat- 
treated starch (pyrodextrin) vnll hereinafter be referred to merely as "dextrin". 
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SUMMARY OF THE INVENTION 

Accordingly, the main object of the present invention is to provide a novel indigestible dextrin which Is di- 
minished in the amount of colored substance and stimulative odor and which contains at least 37% of an in- 
digestible component and at least 7.8% of dietary fiber and is up to about 3.1 Iccal/g in caloric value 1 and up 
to about2.9 kcal/g in caloric value 2. Preferably, the portion of the dextrin otherthan glucose contains at least 
about B0% of an indigestible component and at least about 8% of dietary fiber and is up to 2 kcal/g in calonc 
value 1 and up to 1 .5 kcal/g in caloric value 2. ' 

The term "dextrin" used merely as such hereinafter means a heat-treated starch (pyrodextnn). 

We conducted research on processes for preparing dextrins, hydrolysis processes and processes fbr pre- 
paring indigestible dextrins from dextrins. Based on the results obtained, we filed a patent application for an 
invention entitled "Process for Preparing Indigestible Dextrin." Our research subsequently corned out onthe 
physiological activities of this dextrin revealed that the dextrin had an intestine conditioning effect, effect to 
ameliorating hypercholesterolemia, effect to lower insulin requirements, hypotensive effect and ow calonc val- 
ue, i.e., effects similar to those of dietary fibers. Based on the finding, we f fled a patent application for the 
dextrin as a food composition. ^ ^ . ■ m „ «.hki= 

We have also investigated the correlation of the structure of the dextrin with the content of indigestible 
component or dietary fiber and with the caloric value thereof, and found that the contents of indigestible conri- 
ponent and dietary fiber of the dextrin are in inverse proportion to the amount of 1-)- 4 glycosidic linkages In 
the dextrin among other glycosidic linkages therein, and that the caloric value is in proportion to the amount 
of 1 4 glycosidic linkages In pyrodextrin among other glycosidic linkages therein. We have further conducted 

''^'^The research thus conducted on various pyiodexlrins indicates that the contents of indigestible component 
and dietary fiber and the caloric value are closely related with the amounts of glycosidic linkages such as 
4 glycosidic linkages and with the average molecular weight of the dextrin, consequently affording equations 
representing high degrees of correlation by statistical numerical analysis. However, the commercial Pyroaex- 
trins obtained by the prior art are as low as 5 to 30% in the content of indigestible component and 3 to 12% 
in dietary f iber content and as high as 3.3 to 3.9 kcal/g in caloric value 1 and 3.1 to 3.85 kcal/g in caloric value 
2 Although attempts are made to produce an improved pyrodextrin by a longer penod of reaction at a high 
temperature, the product contains a colored substance, releases a stimulative odor and is in no way practically 

We have further conducted research to giveincreased contents of indigestible component and dietary fiber 
and found the following. , a ^ 

1 ) When pyrodextrin is hydrolyzed with alpha-amylase and glucoamylase, the resulting glucose ana mono- 
saccharides (which consist primarily of glucose and will therefore be referred to as "glucose" hereinafter) 
can be substantially separated off by ion exchange resin chromatography. 

2) When at least one-half of digestible glucose is removed from the hydrolyzate to obtain an indigestible 
fraction, the fraction contains at least 37% of an indigestible component and at least about 8% of dietary 
fiber and is up to 2 kcal/g in caloric value 1 and up to about 2.9 kcal/g in caloric value 2. 

3) When a greater proportfon of glucose is removed firom the hydrolyzate to obtain an indigestible fraction, 
the traction contains at least 80% of an indigestible component and at least 1 8% of dietary fiber and is up 
to 2 kcal/g in caloric value 1 and up to about 1.5 kcal/g in caloric value 2. 

4) When disaccharides and oligosaccharides are removed from the hydrolyzate along with glucose, the 
resulting dextrin can be given a still higher dietary fiber content 

i The present invention has been accomplished based on these novel findings. 

Accordingly, the foregoing object of the present invention can be fulfilled by determining the structural re- 
quirement of the pyrodextrin to be used asthe starting material of the invention and by providing an indigestib e 
dextrin by hydrolyzing the pyrodextrin w»h alpha-amylase and glucoamylase and separating off a digestible 
fractton from the resulting hydrolyzate by ion exchange resin chromato-graphy. 

I 

DETAILED DESCRIPTION OF THE INVENTION 

The values of analytical data as to samples (especially those of dextrin fbr use in the present invention) 
herein given are those calculated as solids. The number average molecular weight will be abbreviated as MN. 
! the weight average molecular weight as MW. and the ratio of weight average molecular weight to number aver- 
age molecular weight as MW/MN. Glucose residues having a 1-* 4 linkage only will be expressed as "glucose 
residues having a^-y4 linkage." and similar expressions will be used also for 1-> 6 linkage and 1->. 3 linkage. 
The numerical values used for the composittons of food examples and feed examples are those of moisture- 
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containing components. The dietary fiber contents and caloric values given In these examples, except for those 
of indigestible dextrin, are calculated according to Tables of Standard Compositions of Japanese Foods," 
Fourth Edition (edited by Science & Technology Agency, Resources Council, 1982). 

The starch to be used for preparing the indigestible dextrin of the inventbn is potato starch, to which an 
5 acid needs to be used as a catalyst Although various acids are usable, hydrochloric acid is especially prefer- 
able to use since the product is used for foods. To meet the requirement for use in foods, the product preferable 
has higher contents of indigestible component and dietary fiber. Thus, the product should contain at least 37% 
of an Indigestible component and at least about 8% of dietary fiber and should be up to about 3 kcal/g in caloric 
value 1 and caloric value 2. More preferably, the fraction of the product other than glucose should contain at 
10 least 80% of an Indigestible component and at least 18% of dietary fiber and should be up to 2 koaUg in caloric 
value 1 and up to about 1.5 kcal/g In caloric value 2. 

Incidentally, pyrodexWns include white dextrin which has heretofore been used generally for foods and 
pharmaceuticals. White dextrin contains up to 30% of indigestible component and up to 3% of dietary fiber, is 
about 3 9 kcaWg In both caloric values 1 and 2, and is therefore unusable for foods. Further when containing 
IS at least 30% of indigestible component and at least 12% of dietary fiber and having caloric values 1 and 2 of 
up to 3 kcal/g, such dextrin tastes stimulating and can not be used therefore. 

The pyrodextrin for use in the present inventton is prepared by adding an aqueous solution of hydrochlonc 
acid about 1% in concentration, to starch in an amount of 3 to 10% based on the starch, and heating the starch. 
Since the aqueous acid solution is added before the heat treatment, the starch and the acid are uniformly 
20 mixed together by being agitated and aged In a mbcer. and the mixture is then heated at 150 to 200-C for 10 
to 120 minutes, preferably for 15 to 60 minutes, unlike the heating condition for preparing conventional pyro- 
dextrins (white dextrin and yellow dextrin). If the reactton temperatore is higher, the resulting product wfll con- 
tain increased amount of indigestible component and dietary fiber and have a lower caloric value, whereas 
increased amount of colored substance wOl be formed as the temperature rises from about 1 80°C, so that the 
25 temperature Is preferably 150 to 180»C. . , 

Since the reaction can be conducted at a high temperature within a shortened penod of time by suitably 
selecting the heater to be used, the mixture can be heat-treated efficiently using an apparatus capable of ef- 
fecting a uniform reaction. Further because the starch is reacted In the form of powder, there arises a need 
to alter the heating condltton for mass production, so that it is desirable to suitably vary the heating condition 
30 by checking the quality of the product as treated. 

Next, the pyrodextrin Is dissolved in water to a concentration of 20 to 45% and then hydrolyzed with alpha- 
amylase and thereafter with glucoamylase. 

Useful alpha-amylases are those commercially available, among which TERMAMYL (heat-resistant alpha- 
amylase produced by Bacillus licheniformis and manufactured by NOVO Industry Co., Ltd.) is most desirable. 
35 Since the pyrodextrin solution has been made acidic with the acW added before the heat treatment, the 

solution must be adjusted to an optimum pH value for the amylase to be used, with any of common alkalis. 
Sodium hydroxide is commercially avanable in the form of a solution and is therefore most advantageous to 
use The preferred pH is 5.5 to 6.5. If the value is lower than this range, a reduced reacHon velocity will result, 
whereas higher pH values entail pronounced coloration. After the adjustment of pH. alpha-amylase is added 
40 to the solution usually In an amount of about 0.05 to about 0.2%. 

The reaction temperature need not to be as high as that is used for the preparation of maltodexlrin. Since 
high temperature rather results in promoted coloration, the temperature is preferably 80 to QO'C. Satisfactory 
results can be achieved by conducting the reaction usually for about 1 hour. 

The reaction mbcture Is subsequently hydrolyzed with glucoamylase. Any of commercial glucoamylase is 
45 useful for this purpose. Glucoamylase generally contains a small amount of alpha-amylase. so that glucoamy- 
lase if singly used, exhibits the effect to be produced by the conjoint use of alpha-amylase and glucoamylase. 
However, when the amount of alpha-amylase contained is lesser, the effect achieved is slightly smaller than 
is contemplated by the invention. The most preferred result can be achieved by using alpha-amylase and glu- 
coamylase in combination. The pH preferable for the activity of glucoamylase is 4.0 to 6.0. Like alpha-amylase, 
50 glucoamylase is used in an amount of about 0.05 to about 0.2%. The reaction is conducted at a temperature 
of about 55 to about eCC usually for 24 to 48 hours. 

The amount of each of the amylases to be used is not limited to the foregoing range but may be used in 
an amount equivalent thereto in accordance vifith the acth^ity of the amylase. The reaction time is controllable 
as desired by varying the amount. ^ 
55 The hydrolyzate obtained by hydrolyzing pyrodextrin with alpha-amylase may be autodaved at 115 to 

135°C, then reacted with alpha-amylase again and thereafter with glucoamylase. whereby the hydrolyzate 
can be filtered at a higher rate for refining. 

The hydrolyzate resulting from the reaction with glucoamylase is lowered in pH to about 3.5. then heated 
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to about 80°C. and thereafter decolorized with activated carbon, filtered, and desalted and de«3lorized wfth 
ion exchange resin in usual manner. The hydrolyzate is subsequently alu^ 
50% and thereafter subjected to continuous ion exchange resin chromatography to separate off the glucose 
formed. For this procedure, commercial strongly acidic cation exchange resins usable. 

Examples of such resins which are desirable are AMBERUTE S' 
471F (brand names for pmducts of Japan Organo Co.. Ltd.). DIAION 2K-1B. SKK-102. SK- SK-106 SK- 
110 SK-112. SK-116 and FR-01 (brand names for products of Mitsubishi Chemical Industnes Ltd.). and XFS- 
43281.00, -43280.00. ^279.00 and -43278.00 (brand namesfor products of Dow Chem..^ f "L„„Hor 

It is desirable to use these resins usually as combined with an alkali metal or alkaline earth metal. Torender 
the indigestible fraction efficiently separable from the glucose fraction, it is desirable o f'^^^^J'^^f^^J^ 
at a flow rate as adjusted to the resin used. The flow rate. SV. is 0.1 to O-^P^^'^^^^.mf l^V^^^^ 
rate is outside this range, the operation efficiency or separation efficiency tends to become lower. The I^droi- 
^ateispassedthroughthe column atatemperatiira of 20 to70»C.preferably50to^^^^^ 
^efficient separation will result, and an Increase in the viscosity of the lqu d « hkjyto^^^^^^ 
resin, whereas at higher temperature exceeding the specified range, the liquid is likely to turn brown or become 

"^''ThS t^eTepSation procedure decreases the glucose content to about 0.5%, the glu.^e content is ac^ 
justable as desired by altering the separation condition. Accordingly, in the case where « •^i'^^'^^'^^ "^^'^^ 
Sucose as a sweetener, the product can be obtained with an increased glucose content For example when 
The hydrolyzate as treated wrth glucoamylase has a glucose content of 50%. a product with ovejal^^ 9 ^ 
«.ntentofrbout 33% can beobtained by separating Off one-half.l.e..25%.<rftheglucosefm 

Further it is possible to separate off. along with glucose, afiactlon induding ollgosacchandes and hav^^^^ 
a medium molecuTar weight by the separation procedure to obtain a fraction having an increased dietary fiber 
content of up to about 85%. 

Experimental data will be described below to further darify the features of the present mvenUon. 

EXPERIMENTAL EXAMPLES 

1 . Method of Determining the Content of Indigestible Component 

The content was measured by a modified method according to The method determining the indigest- 
ible parting HPLC" (Journal of Japanese Society of Starch Sdence. Vol. 37. No. 2. p. 107. 1990) as will be 

'"o'nfgram a sample was accurately weighed out. and S0n,2 of ^'"^a^^^^^ 
added to the sample, followed by addition of 0.1mf of Termamyl 

Co., Ltd.) and reacted at 95-C for 30 minutes. The reaction mixture was cooled and ad^sted «« a p" <rf 4 5. A 
0.1me quantity of amylo-glycosidase (preduct of Sigma) was added to and reacted with t^e m«U^re at 60 C 
fbrSOrJinutesfbllowedby heating to 90-Ctocompletetheraaction.Theresultingmk^ 
with water, andthe amount of glucose produced was determined by thepyranose-oxidase method. The content 
of indigestible component was calculated from the following equation. 

Content of indigestible component (%) = 100 - Amount of glucose formed (%) x 0.9 

2. Method of Quantitatively Determining Glycosidic Linkages 

A sample was methylated by a modified method of HakomorTs meth^ation method (S. Hatonwji J Bio- 
chem.. 55, 205(1964)) described below, followed by hydrolysis and thereafter by gas chromatography to quan- 
titatively determine the glycosidic linkages composing the sample. 

(1) Methylatlon 

A dehydrated sample (100 to 200^g) Is placed into a test tube (15/nm diam x lOOmm) with a screw cap 
and dissolved by addition of 0.3mt of DMSO. To the solution is added 20mg of NaH immediately followed by 
addition of OAmi of methyl iodide. The mbrture is stirred by a toudj mixer for 6 ^nutes and then coded^ 
ice water, and 2wl of water is added to the mbcture. The mbcture is fully shaken with addition of 2m( of cWoro- 
form. The upperlayer (aqueous layer) is collected with a pipette and discarded. The remaining layer 'S simHarV 
Sed witE additL of 2n,f of water. This pn^cedure is repeated 6 times. Cotton is placed on he bott«n <rf 
a Pasteur pipette, anhydrous sodium sulfate is placed into the pipette to form a 4- to 5-«n-thick layer, and the 
solution is passed through the layer for dehydratton and then washed with chloroform. Subsequently, the sol- 
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ution is concentrated to dryness in a rotary evaporator. 



With addition of O.Smt of trifiuoroacetic acid, the methylated product is hydrolyzed at lOO-C for 4 hours, 
and the hydrolyzate is concentrated to dryness at SO'C in a rotary evaporator. 

(3) Reduction 

The hydrolyzate is dissolved in O.Smt of water, and the solution is allowed to stand at room temperature 
for2 hours with addition of 10mg of sodium borohydride. Several drops of acetic acid are added to the mixture 
until the mbcture ceases forming to terminate the reactton. The mixture is then dried at room temperature and 
farther dried at room temperature with addition of Imf of methanol to remove the boric add formed. This pro- 



(4) Acetylation 

With addition of 0.5ml of acetic anhydride, the reduced product is heated at 1 00°C for 4 hours and thereby 
acetylated. With addition of Imf of toluene, the product is concentrated to dryness in a rotary evaporator. 

(5) Desalting 

The acetylated product is dissolved in 1/nf of chloroform, the solution is shaken with addition of 1mf of 
water, and the aqueous layer is discareied. After repeating this procedure 5 times, the chloroform is evaporated 
off from the resulting layer by a rotary evaporator. 

(6) Dissolving 

The desalted product is dissolved In O.Smt of chloroform and subjected to gas chromatography. 

(7) Conditions for gas chromatography 

Column : DB-1 fused silica capillary column 60/n x 0.255mx I.D.. O.lpfl? film 

Column temperature : 50'C for 1 minute, elevation of temperahire at a rate of ICC/min to a constant lem- 

peraturo of aSO'C 
Temp, of sample vaporizing chamber 300»C 
Detection temp. : SOO-C 
Flow rate : 2.5mf/min, helium 

Detecting unit : flame ionization detector 

3. Method of Determining MN and MW 

The same solution as used for the quantitative determination of glucose is passed through a column of 
ion exchange resin of the mbced bed type at SV of 1.0 for desalting, and the effluent is concentrated to a con- 
centration of 5% using a rotary evaporator to obtain a sample. A20-mI proHon of the sample is subjected to 
liquid chromatography under the following conditions. 
Column : Shodex lonpalc S-802 • S-804 • S-805 • S-806 

Eluent : 1 /nP/min of water 

Column pressure : 40 kg/cnfi 
Column temp. : 60°C 

Detector : Rl 

Data processor : Hitachi Model D-2000 GPC data processor 
Standard sample ; glucose, pullulan (with l«nown molecular weight) 

MN and MW are calculated from the following equations based on the result of chromatography. 

2 (Hi Mi) 
MW = MJ£MxQF 
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where 

Hi: height of peak 

M\: molecular weight of pullulan 

QF: Q factor {Mark-Houwinic Coefficient) 

4. Method of Quantitatively Determining Glucose 

One gram of sample is accurately weighed out. placed into a 100^f measuring flask and diluted to 1 00/nf 
with distilled water. This solution is used for the quantitative determination of glucose by the pyranose oxidase 
(Determiner GL-E, product of Kyowa Medic Co., Ltd.) method. 

5. Method of Quantitatively Determining Dietary Fiber Content 

Dietary fibers are quantitatively determined by the following Prosky method (No. 9f5-29. Total Dietary Fi^ 
er in Foods. "Official Methods of Analysis". AOAC. 15th Ed.. 1990. P.1105- 1106. No.985.29. Total D.etary 
Fiber in Foods). 

6. Method-1 of Measuring caloric Value 

Accortling to the following method titled "Measurement of Physiological Co'"|''f "^^'"Jf 
cified Health use Containing Water-Soluble Low Calorie Sugara" which is notified by the Ministry of Health 
and Welfare of Japan. 

6-1. Reagents and others 

^X^of^Poisskim sodium tartrate and 225g of sodium tertiary phosphate (Nag PO4 - laH^O) is di^ 
solved in 700mf of distilled water, and 30g of copper sulfate (CUS04 • SH^O) and 3.5g of potassium lodate 
(KIO3) are added to the solution. The resulting solution is diluted to lOOOmf with distilled water. 

SdiuSI! A.-^^^*"mixture of 1% copper sulfate (CuSO* - SH^O) solution and 2.2% potassium sodium tartrate 

solution at a ratio of 1:1 
Solution B: mixture of phenol reagent and distilled water at a ratio of 1 :0.8 

(o) Sugar alcohol measuring kit 

F-kit: F-kit D-sorbitoUxylilol. product of Boehringer Mannheim Yamanouchi Pharmaceutical Co.. LM. 

(d) Diastase Solution 

2% solution of diastase (Japanese Pharmacopoeia). 

(e) Hydroxylamine pyridine solution 

Solution of 1 0Qmg of hydroxylamine in lOmf of pyridine. 

(f) Condition for gas chromatogrphy •„„ a x«« 
FID gas chromatograph. S'/. SE30 chromoso* W. glass or stainless st^l "^T" "TZZ^Jn^tln^ 

inside diameter and 2n, in length, column temperature 185-C. carrier gas 80 mthmn. 6-2. Determination of 
total water-soluble reducing sugar 

(a) Preparation of test solution , u 

Oltaosaccharides are thoroughly exbacted from the sample using water or 89% ethanol when the 
sample contains only oligosaccharides or using 80% ethanol when the «f '^P|^«'"'^'"^^^^^ 
polysaccharides. The extract is concentrated under reduced pressure (at not higher t han ecc) the residue 
Setely dissolved in a small amount of 50mM maleicacld-Na buffer (pH 6.0). and the solution adjusted 
to a glucose concentration of about 500mg %. 

(b) P^'^^^J^J^^^ji^^ g^i^j.^^ .g 2 parts 1N hydrochloric acid, and the mbdure heated in a boiling 
water bath at 100°C for 20 hours. The reducing sugar of the resulting solution is determmed by the So- 
mogyi method, and pentose and hexose alcohols therein by gas chromatography or F-Wt The combined 
amount of cartjohyrates determined is taken as the amount of total water-soluble saccharides (A). 

(c) ®°^,^^'^JJ;^^g^^j.^„ added to 7.5mf of test solution (1 to ^Omg. calculated as reducing sugar), 
and the mfadure is heated at lOO-C for 10 minutes, cooled and then thoroughly mbced w'th 2mf of 2 5 A, 
of potassium iodide (Kl) solution and Zmt of 2N sulfuric acid. The mixture is titrated with 1/40N sodium 
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thiosulfate (NajSOs ■ 5H2O). Glucose is used as a standard saccharide. The sugar content of the test sol- 
ution is determined from the titration value obtained, 
(d) Determination of sugar alcohol 

The test solution hydrolyzed for the determination of total water-soluble sugar is suitable diluted and 
used to measure the amounts of sorbitol and xylitol by F-kit. 

In case the solution contains pentose or hexose alcohol otherthan sorbitol and xylitol, gas chromatography 
is used. The test solution hydrolyzed for the determination of total water-soluble sugar is concentrated under 
reduced pressure at a temperature of up to 60"C; et hanol is added to the concentrate so as to gwe a final con- 
centration of at least 80%. and the mature is heated in a boHing water bath for 30 minutes for extraction. The 
extract obtained is concentrated under reduced pressure at no higher than 60°C. To the concentrate is added 
80% ethanol to obtain a predetermined amount of solution. A5mf portion of this solution is collected, from 
which the solvent is completely removed under reduced pressure. The residue is dissolved in 1 mf of pyridine; 
^mt of hydroxylamine pyridine solution is added to the solution, and the mbcture is allowed to stand for 5 min- 
utes and thereafter distilled under reduced pressure to remove the solvent With the addition of 1mf of ben- 
zene, the residue is treated under reduced pressure to completely remove water, and the resulting residue is 
dissolved with 2m( of pyridine. To the solution are added 0.2mf of hexamethyldisilane and OAmi of trimethyl- 
silane, and the mixture is allowed to stand at room temperature for at least 15 minutes, thereafter adjusted to 
a predetermined amount with pyridine and subjected to gas chromatography to quantitatively determine sugar 
alcohol by the absolute calibration curve method. 

6-3. Determination of insoluble starch 

As to samples containing starch, the sample used corresponds to 2.5 to 3.0mg dry weight resulting residue 
from extraction with 80% ethanol in the same manner as the extraction of total water-soluble sugar. The residue 
is dispersed in 200/nf of water, and the disperaion is heated in a boiling water bath for 15 minutes whfle being 
continuously stirred, followed by cooling to SS-C and addition of lOmf of diastase solution. The.resulting mix- 
ture is allowed to stand at 55°C for 1 hour, then boiled for several minutes and thereafter cooled to 55''C again, 
followed by addition of lOmf of diastase solution, continuous stirring and standing for 1 hour. When the sub- 
stance remaining in the resulting reaction mixture is found positive by iodine-starch reaction, diastase solution 
is added to the mixture once again for further digestion. If the solution as treated with diastase proves negative 
when checked by iodine-stareh reaction, the solution is diluted to 250mf with distilled water, then filtered with 
filter paper. Hydrochloric acid is added to the filtrate to a concentration of 2.5%, and the mixture is heated in 
a boiling water bath for 2.5 hours, cooled, thereafter neutralized with 10% sodium hydroxide solution and ffl- 
tered. The filtrate is suitably diluted and used fbr the determination of glucose by the Somogyi method. The 
amount of glucose thus determined is multiplied by 0.9 to obtain a value which is the amount of starch (A'). 

6-4 Determination of sugare digested and.absorbed by the small intestine. 

(a) Determination of enzyme-digested sugars 

1) Preparation of solution of commercial rat small intestine acetone powder 

Rat small intestine acetone powder, pnsduct of Sigma, is put into suspension with addition of physio- 
logical saline (0.9% NaQ). The suspension is urlrasonic treated (60 seconds, three times) and thereafter 
centrifuged (3000 r.p.m., 30 minutes) to obtain a supernatant serving as an enzyme solution. The protein 
content of the enzyme solution is determined by the Lowry method The enzyme activity is adjusted to at 
least about 0.1 mglmg protein/hour in terms of sucrose hydrolysis ability. 

2) Digestion test with rat small intestine acetone powder 

The sample to be used is the same extract as is obtained with use of 80% ethanol or water for the 
determination of total water-soluble sugar. The extract is concentrated and then dHuted with 50mM maleic 
acid-Na buffer (pH 6.0) to a sugar concentration of 1 to 4%. A I.Omf portion of the solution is admixed 
with I.OiTjf of the enzyme solution and is reacted therewith at 27'C for 1 hour. The reaction mixture is 
heated in a boiling water bath for 10 minutes for inactivation and centrifuged (3000 r.p.m., 30 minutes) to 
obtain a supernatant The reducing sugar content of the supernatant is determined by the Somogyi meth- 
od, and the sugar alcohol content thereof by F-kit or gas chromatography. The sum of these contents Is 
taken as the amount of enzyme-digested absorbable sugar. The contents determined are to include the 
reducing sugar and sugar alcohol which are originally present in the sample. The decomposition rate Is 
the amount of digested absorbable sugar divided by the amount of total water-soluble sugar and multiplied 
by 100. As a control test the same procedure as above is repeated for sucrose or maltose in the same 
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amount as the total water-soluble sugar amount When sucrose is used for the control test, the decompcn 

rate is to be at least 20%. The ratio of the decomposr.on rate obtained fo^ 
de'mpiiiinLobtainedforth^ 

ratio; thYs ratio multiplied by the total water-soluble reducing sugar amount as the amount of total digested 

absorbable reducing sugar (B). and the amount of total digested absorbable sugar alcohol C). 

)^choTsuS^eandm^^^^ 
odSSLVnone-halftheamountofthesugardeterminedisusedasasubstrateforadig^^^^^^^^^^ 

the samrcondition as used fbrthe digestion test with the rat small intestine acetone powder. If the amount 

Syu^e^'hCr^ru^^^^^^^ 

from the digestion test for the sugar determined, maltose .s used as the control sugar. If the amount of 
glucose is larger than 10 times, sucrose is used. 

'^^rot^trhSr^^^^^^ 

the mixture is aDowed to stand for at least 15 minutes. 3/nf of solution A is then added ^ -jjfj'j; Jj'" 
oweXstanding at room temperature for 10 minutes. Subsequently. O^f of so ution B added Jo t^^^ 
mixture, and 30 minutes thereafter, the mixture is checked for light absoibancy at750nm. Bovne serum 
albumin is used as a standard protein. 
&-5 Equation for calculating physiological combustion heat 

The amount of physiological combustion heat is the sum of amounts of effective «"«'9y ""l 
and abLSton. and fermentation and absorption. Accordingly, the amount of physiological combustion heat 

i^r^XsTsrc^rs^^^^ = (s-c.a,x4 . ^^0^^-;^^^^^ 

reducing sugar (B)) x 4 + (amount of total digested absorbable sugar alcohol (C)) x 2 8 + « o|f ' ^«r 
JSS.^a?A) - amount of total digested absorbable reducing sugar (B) * amount of total digested ab- 
soiuDiesug ; sorbable sugar alcohol (C)) x 0.5(i) x 1 .9 

(1) Fermentable ratio of indigestible dextrin in the large intestine. 

7. Method-2 of IWIeasuring Caloric Value 

The effective caloric value of a sample is calculated as the sum of the caloric value resulting from digestion 
and absoSCSy the digestive systern up .o the upper digestWe tract, and the caloric value resulting from 
intestinal fermentation after arrival of the sample at the large Intestine. 

Test1: 

Measurement of caloric value resulting from digestion and absorption by the upper digestive tract up 

''r^tiSstlsolved in 45mM (bis)Tris buffer (pH 6.0) -^'"'^^rT;^^^^^^^^^^ a 
4.55% solution, to which 160 U/g of human saliva alpha-amylase (SIGMAType ^-^> ^f^^."!^^^; J'^^^^ 
reaction at 37'C for 30 minutes. After deactivating the enzyme, the reacf on -^'^ff '^,J^=^^^^jS2m^ 

?pH^T-ntaining0.9ml5 calcium chloride to adjustthesdutto^^ 

added 400U/aof swine pancreatic amylase (product of Boehringer Mannheim Yamanoud^i Co.. LW ) fo^ 
to^dbyr^cSonat37-Cfor6hourB.Theenzymeisthendeart^^^^^ 

desalted with an ion exchange resin, concentrated and lyophilized orenare a 

The powdery sample thus obtained is dissohred in 45mM sodium ""^'^^^^^^^^^ 
0.45% solution, with which 86U/g of rat small Intestine mucous '^^'^''^^'^J^^'^^^^r^l^^ 
acted at 37°C for 3 hours. The amount of glucose produced is '"^"'^l^' "^^P^^^J^^f 
The caloric value to be produced by digestion and absorption is calculated ftom the following equation. 
. ^ . Amount of glucose produced f%> x 4 kcal/g 
Caloric value = = 
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Test 2: 

Determination of caloric value resulting from intestinal fermentation 
The caloric value of the fraction reaching the large intestine was determined by the growth curve method 
using rats as described below. 

Table 1 



Component 


Proportion(%) 


Corn starch 


42.7 


Casein 


40.0 


Fiber 


2.0 


Mineral mixture 


10.0 


Vitamin mixture 


0.8 


DL-methionine 


0.3 


Choline bitartiate 


0.2 


Vegetable oil 


5.0 



Rats were preliminarily raised for 5 days to adapt them to the laboratory environment and to the basal diet 
shown in Table 1, then checked for body weight and health and divided Into groups (10 rats In each group). 
The average initial body weight of all the test groups was 79.6 to 80.8g. The body weight variations of the groups 
were in the range of 9 to 1 Bg. The caloric value of all the test components and basal diet was measured by a 
bomb calorimeter. 



Table 2 



No. 


Basic diet (g^ 


Glucose (g) 


Sample (g) 


Total amount (g) 


Caloric value (Kcal) 


1 


5.4 






5.4 


22.7 


2 


5.4 


0.5 




5.S 


24.7 


3 


5.4 


1.0 




6.4 


26.7 


4 


5.4 


2.0 




7.4 


30.7 


5 


5.4 


4.0 




9.4 


38.7 


6 


5.4 




0.5 


5.9 


24.7 


7 


5.4 




1.0 


6.4 


26.7 


8 


5.4 




2.0 


7.4 


30.7 


9 


5.4 




4.0 


9.4 


38.7 



After grouping, the rats were placed into individual steel cages and fed according to the experimental 
schedule listed in Table 2. The basal diet was given to all the rats in an amount of SAglraUkg (22.7 kcal/rat/day). 
For the test groups, glucose or the above sample was added in an amount of 0.5, 1 .0, 2.0 or 4.0g to the basal 
diet The amount of glucose or sample added was about 2. 4, 8 or 16 kcalfrat/day in terms of caloric value. 
The amount of ingestion was measured daily, and the gain in the body weight was measured on the Oth. 5th, 
10th and 15th days. The rats were checked generally every day by observation. 
Table 3 shows the results. 
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No 


Body weight 


Consumed calories 
KCal/day 


Calories needed for ^g gain 


Initial g 


Final g 


Gain g/14day 


1 


79.2 


74.4 


-4.8 


23.2 




2 


79.9 


78.9 


-1.0 


24.8 




3 


79.4 


85.5 


6.1 


26.2 


0.017 


4 


79.5 


89.9 


10.4 


27.6 


0.027 


5 


79.6 


98.2 


16.6 


28.9 


0.041 


6 


78.8 


76.7 


-2.1 


24.2 




7 


80.3 


78.4 


-1.9 


26.9 




8 


79.4 


82.2 


2.8 


28.3 


0.007 


g 


79.4 


86.5 


7.1 


29.6 


0.017 



With reference to Table 3. the caloric value determined by the animat experiment Is: 

fooo7 0 027 x 4 + 0.017 * 0.041 X 4) * 2 = 1.35 kcal/g 
From res. 1. the ciScLue Sing f-om the digestion and absorption of the sample by the upper d. 
gestive tract is: 

9.8x4kcal/g ^ 0 9 ,^cal/g 
100 

Accordingly, the caloric value resulting from intestinal ferrnentation is: 

1.35 - 0.39 = 0.96kcal/g 
From this data, the caloric value produced by the intestinal fermentetlon of the dext;-" «^ 



about 1 kcal/g 



0 96 * 0.912 (proportion reaching the large intestine) = 
. -•Test2,thecalorii 

Glucose produced (%) x 4 , 



Caloric value (kcal/g) ^qq 

f100 - glucose produced f%))x1 
100 

^ ^ 3 X glucose produced (%) 
= 1 ■•■ inn 



Experimental Example 1 

'^TheTa^lS^edeterminedbythemethodusedln^^^^^^ 

reducing ends, so that the content of glucose residues given is this value mmusthecontent of glucose. T^^^^ 

^^'^h^mrth^JToCntS^ 
are invariably ±2% if minimum. 
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With the sample heated for 180 minutes, the prolonged heating presumable broke down the component 
45 sugars of starch, so that the results given in Table 4 will be discussed except forlhis sample. The contents of 
Indigestible component and dietary fiber increase In proportion to the heating time. The caloric values de- 
crease in inverse proportion to the heating time. The contents of glucose residues with various glycosidic link- 
ages, i.e., those having 1^ 6 glycosidic lini<age. those having 1-^ 3 glycosidic linkage, those having both 1-> 
4 and 1->- 6 glycosidic linkages, those having both 1-* 2 and 1 4 glycosidic linkages, and those having other 
so linkages, increase in proportion to the heating time. Only the content of residues with 1-*^ 4 linkage decreases 
in inverse proportion to the heating time. The values MN decrease and increase during heating and MW/MN 
decrease during heating for 30 minutes and increase again in proportion to the heating time after 60 minutes. 
These variations in the glycosidic linkage contents and average molecular weights with the heating time are 
novel findings obtained by the experiment for the first time. 

55 

Experimental Example 2 

2 liters of water was added to 1*g of each of the six samples of Experimental Example 1 to prepare a sol- 
13 
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ution. which was then adjusted to a pH of 6.0 with sodium hydroxide and hydrolj^^Jj^^^^^^ 

tration and desalting with an Ion exchange resin. The samples thus obtained were f ^J^^^^.^L^/^^f^^ 
rlr as in Experimental Example 1. Table 5 shows the values obtained. The hydrolyzale obtained before the 
addlSr<^ gSiTan^yiase was also checked for MN. MW and MW/MN. Table 6 shows the results. 
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Table 6 



Item 


Heating time (min.) 


15 


30 


60 


120 


180 


MN 


784 


737 


802 


890 


850 


MWx10^ 


31.4 


29.8 


97.6 


157 


136 


MW/MN 


40.1 


40.4 


122 


176 


160 



Table 5 reveals the following distinct features. 

1 ) The 1->^ 4 glycosidic linkage fraction greatly diminished, but about 10 to about 20% thereof still remained 
unhydrolyzed. This means that the I-*' 4 linkage fraction which should have been hydrdyzed almost com- 

15 pletely with glucoamyiase remained unhydrolyzed in an amount as large as 10 to 20%. 

2) No marked hydrolysis occurred in the fractions except in the W 4 and 1 6 glycosidic linkage fractions. 
The feet that the caloric values remained almost unincreased indicates that the low-calorie fraction re- 
mained almost unhydrolyzed writh alpha-amylase and glucoamyiase. 

3) 3 glycosidic linkage increased, however reason Is unknown. 

20 4) Suppose one-half of glucose is removed, for example, from the sample prepared by 15 minute heating. 
This results in an indigestible content of 37.3% and a dietary fiber content of 7.8%. 
5) The ratio MW/MN, which is about 10 to about 300, is exceedingly greater than the corresponding value 
of the prior art which is up to 20. 

Table 6 reveals that the hydrolyzates before being hydrolyzed with glucoamyiase were as high as about 
25 40 to about 1 80 In MW/MN. 

These result aie novel findings obtained by the experiment for the first time. 

Experimental Example 3 

30 Each of the six samples of Experimental Example 2 was concentrated to obtain about 1.5 liters of 50% 

solutton. 1 liter portion of the solution was passed, at a solution temperature of 60°C and at SV 0.25, through 
a column packed with 10 liters of XFS-43279 .00 (product of Dow Chemical Japan), strongly acidic cation ex- 
change resin of the alkali metal type. Subsequently, water was passed through the column to collect an indi- 
gestible fraction (as separated off from the glucose fraction). The sample thus obtained was analyzed in the 

35 same manner as in Experimental Example 1. Table 7 shows the results including average molecular weights, 
etc. In Table 7, the values were expressed in percentages based on the fraction other than glucose. The content 
{%) of indigestible component In the liraction other than glucose Is a value obtained by subfracting the glucose 
content (%) from 100, dividing the measured amount of indigestible component by the remainder and multi- 
plying the quotient by 100. Similarly, the content (%) of dietary fiber in the fraction other than glucose is a 
value obtained by subtracting the glucose content (%) from 100, dividing the measured amount of dietary fiber 
by the remainder and multiplying the quotient by 100. 

Further similarly, the caloric value of the fraction other than glucose is a value obtained by multiplying 
the glucose content (%) by 4 (caloric value of 1g of glucose), dividing the product by 100 and subtracting the 
quotient from the measured caloric value. The theoretical yield is a value obtained by subfracting the glucose 

45 content of Table 5 from 1 00. 
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the important value MN and the different glycosidic linkage fractions was investigated by regression analysis 
for determining the correlation between variables to obtain equations and correlation coefficients. The corre- 
lation analysis was conducted for the five samples except the sample which was obtained by 180 minutes heat- 
ing and wherein the component sugars appeared to have been brolcen down, using the amounts of glucose 
residues having various glycosidic linkages as predictor variables and the MN values as criterion variables. 
Table 8 shows eight equations and correlation coefficients obtained. 

Y = AO + An-Xn 

Where 

Y : MN of the component other than glucose 

X1: amount (%) of nonreducing end glucose residues 

X2: amount (%) of glucose residues having a 1-> 4 glycosidic linkage 

X3: amount (%) of glucose residues having a 1^ 6 glycosidic linkage 

X4: amount (%) of glucose residues having a 3 glycosidic linkage 

X5: amount (%) of glucose residues having 1-> 4 and 1^ 6 glycosidic linkages 

X6: amount (%) of glucose residues having 3 and 1-* 4 glycosidic linkages 

X7: amount (%) of glucose residues having 1-> 2 and 1-v 4 glycosidic linkages 

X8: amount (%) of glucose residues having other glycosidic linkages 



Table 8 



No. 


equation 


correlation coefficient 


1 


Y=220+1 9.466X1 


0.120 


2 


Y=766-0.031 X2 


0.000 


3 


Y=1469-64.944-X3 


0.219 


4 


Y=1321-59.643 X4 


0.915 


5 


Y=-293*106.004-X5 


0.945 


6 


Y=2118-712.134X6 


0.778 


7 


Y=1 09+331. 412X7 


0.662 


8 


Y=488+52.145 X8 


0.518 



consequently, MN was found to have the highest correlation with X5 (amount of glucose residues having 
both 1^ 4 and W 6 glycosidic linkages) of all the contents of eight kinds of glycosidic linkages as represented 
by the equation of Table 8. No. 5 (correlation coefficient 0.945). This equation (hereinafter referred to as 
•Equation 1°) reveals the novel fact that the smaller the amount of glucose residue having both 1-^ 4 and 1-^ 
6 glycosidic linkages, the greater the MN. that is. the higher the content of Indigestible component and dietary 
fiber the lower the caloric value. 

Experimental Example 4 

To 300kg of commercial potato starch was added 5.8 iitere of 3% hydrochloric acid, and the starch was 
treated in the same manner as in Experimental Example 1 except that the starch was heat-treated at ISCC 
fbr 30 minutes, followed by the same procedures as in Experimental Examples 2 and 3 to obtain a sample. 
The sample was analyzed in the same manner as in Experimental Example 3. 

Experimental Example 5 

To 300;fg of commercial potato starch was added 9 liters of 2% hydrochloric acid, and the starch was treated 
in the same manner as in Experimental Example 1 except that the starch was heat-treated at ISO-C for 60 
minutes followed by the same procedure as in Experimental Example 4 to obtain a sample, which was then 
analyzed in the same manner as in Experimental Example 3. Table 9 shows the analytical results obtained in 
Experimental Examples 4 and 5 and including MN values whteh are given in comparison with those calculated 
from Equation 1. 
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Example 


tem 




4 


5 




non-reduced end 


29.1 


27.7 




1->4 


34.5 


33.1 




W6 


10.4 


11.2 


Contents of linkage (%) 


1->3 


7.2 


10.9 


1_».4, 1-+6 


10.2 


10.0 






1.8 


1.9 




1-> 2. 1-» 4 


2.1 


1.8 




others 


4.7 


3.4 


content of glucose (%) 


0.8 


0.6 


content of indigestible component (%) . 


86.2 


93.5 


content of dietary fiber (%) 


22.4 


25.8 


caloric value 1 (kcal/g) 


1.95 


1.77 


caloric value 2(kcal/fir) 


1.41 


1.20 


MN measured value 


954 


704 


MN calculated value 


788 


767 


Difference between calculated value and measurement (%) 


-17.4 


+8.9 



■17.4% in Experimental Example 4 



The Variation of the calculated value from the measured value was 
and +8.9% in Experimental Example 5. 

Experimental Example 6 





Sample No. 


1 


2 


3 


4 


content of dietary f iber (%) 


85.8 


43.7 


32.5 


14.3 



The dietary fiber content, which was 2 



»(, in Table 7, increased to a maximum of 85.8% as shown in Table 
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Comparative Example 1 

A sample was prepared in the same manner as in Experimental Example 4 with the exception of adding 
22.5 liters of 1% hydrochloric acid to 300fcg of commercial corn starch, treating the mixture in the same manner 
as in Experimental Example 1 and heating the mixture at 165°C for 1 hour. The sample was analyzed in the 
same manner as in Experimental Example 4. MN was calculated from Equation 1. 



Comparative Example 2 

A sample was prepared in the same manner as in Experimental Example 4 with the exception of adding 
22.5 liteis of 1 % hydrochloric acid to 300kg of commercial sweet potato starch, treating the mixture in the same 
manner as in Experimental Example 1 and heating the mixture aAAeS'C for 1 hour. The sample was analyzed 
in the same manner as in Experimental Example 4, and MN was calculated fiom Equation 1. 

Table 11 shows the results obtained in Comparative Examples 1 and 2. 



Table 11 



Item 




Comp. Ex. 






1 


2 




non-reduced end 


21.2 


23.9 




1->4 


26.3 


25.0 




1-»6 


12.0 


13.9 


Contents of iinlcage (%) 


1->3 


11.2 


10.8 




1-+4. 1->6 


10.0 


9.5 




1->3. 1->4 


1.7 


1.5 




1->2. 1->4 


3.7 


2.9 




others 


13.9 . 


12.5 


content of glucose (%) 


O.B 


1.2 


content of indigestible component (%) 


97.4 


94.3 


content of dietary fiber (%) 


41.7 


32.4 


caloric value 1(lccal/g) 


1.69 


1.76 


caloric value 2(l<cal/g) 


1.09 


1.17 


MN measured value 


1207 


1119 


MN calculated value 


767 


714 


Difference between calculated valu 


i and measurement (%) 


-36.5 


-36.2 



With reference to Table 11 , the difference of the calculated MN value from the measured value is -36.5% 
in Comparative Example 1 and -36.2% in Comparative Example 2. hence a great difference. This indicates 
that the correlation between the content of glucose residue having both 1-* 4 and 1-> 6 glycosidic linkages 
and MN as represented by Equation is absent therebetween, showing that different starches serving as ma- 
terials produce products which are greatly different in structure even if heat-lreated under the same condition. 



Experimental Example 7 

The eight pyiodextrin samples obtained in Experimental Examples 1.4 and 5 were checked for the degree 
of coloration by measuring the whiteness of the samples relative to the wrtiiteness of magnesium oxide taken 
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as100%. using photoelectric Whiteness rr«ter(productofKettCoOandab.uefilter.Tab.e12s 
Table 12 



Ex. 


lieating temp. ("C) 


heating time (min.) 


Whiteness (%) 




165 


15 


63.7 




165 


30 


45.3 




165 


60 


35.3 




165 


120 


34.2 




165 


180 


31.6 


4 


180 


30 


42.2 


5 


150 


60 


41.5 



in inveise proportion to the heating time and heating te 



Table 12 shows that the whiteness decreases 
''"Stochecktheindigestiblsdextrinoftheinventiontbrphysiologicaia^^^^^^^ 

2 to 4 to be described later were used, which will be referred to as "samples A. B and C «spect«ely. m Ex 
perimental Examples 8 to 14. 
Experimental Example 8 

^"'■"MlltT^'rsUgue-Dawiey strain (6 rats/group) initially weighing about 50g were accommodated ^io- 
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The results listed in Table 13 reveal that the sample A. B or C reached the large intestine while remaining 
indigested, metalwlized to organic acids under the action of enterobacteria and resulted in a lower pH within 
55 the intestine. While the ingestion of any of the samples A. B and C shortened the transit time, comparison 
with the group receiving cellulose, which is effective for improved defecation, indicated that the samples A,B 
and C were effective. Accordingly, the sample B was further used for clinical tests to substantiate its effect. 
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Experimental Example 9 



Test period 


Non-ingestion period 


Ingestion period 


Wet weight of feces 


556 


790* 


Dry weight of feces 


132 


161 « 


Amount of water in feces 


424 


629* 


Water content of feces 


76.3% 


79.6% 


Frequency of excreBon 


4.8 


6.2 « 



Each value listed is mean v^ue. and the mark * indicates a significance level of 5% relative to the non- 
ingestion period, hence a significant difference. 
Experimental Example 10 

Clinical test affart The samole was given to 25 volunteeis 

The sample B was checked for a ~f 'P^''°" It iLst 5 days. Changes resulting fi«m 

having a tendency toward quSfonnaim. Scores we« assigned to 

statistical procedure. 

(1) Frequency of excretion 



At least once/day 
Once/day 
Once/two days 
Once/three days 

(2) Amount of excretion 
Large : score 4 
Usual 
Small 
None 

(3) State of feces 
Bananalike, pasty 



score 1 



: score 4 



: score 2 



(4) Feeling after defecation 
Complete discharge : score 2 

ministration." hence a significant difference. 



5S 
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Table 15 





Amount administered 






10g 


Before administration 


8.04 


8.15 


After administFation 


11.25* 


12.72 • 



With reference to Table 1 5, the sample B. when administered at a dose of at least 5s. resulted in increased 
scores and was found effective for alleviating constipation. 

Experimental Example 11 

Aninut test ^ ,. -j ■ • 

Rats were used for a nutritional experiment to check the samples A. B and Clbra serum lipid lowenng 

^"^Male rats of Sprague-Dawley strain initially weighing about 50g {3-weel^-old, provided by CLEA Japan Co.) 
were preliminarily raised for two weeks on a high-sucrose diet (basal diet) shown in Table 16, and thereafter 
raised and divided into five groups (10 rats in each group) for 9 weeks, during which the basal diet was given 
to the first group (control group), and a test diet comprising 95% of the basal diet and 5% of the sample A. B 
or C admUed therewith was given the second group (sample Agroup). third group (sample 8 group) and fourth 
group (sample C group), with firee access to the diet and water. 



Table 16 



Material 


Weight parts 


Casein 


25 


Corn oil 


5 


Salt (MM-2) mixture 


4 


Vitamin (Harper) mixture 


1 


Choline chloride 


0.2 


Vitamin E 


0.05 


Sucrose 


64.75 



In the 9th week, the rats were fasted for 4 houre. blood was then taken, and the serum total cholesterol 
value and neutral fat value thereof were determined by a kit for enzyme method (product of Wako Jun-yaku 
Co., Ltd.). Table 17 shows the results. 

Table 17 



Item 


Group 


1st 


2nd 


3rd 


4th 


Weight gain (g/9weeks) 


297 


288 


293 


296 


Diet efficiency 


0.25 


0.25 


0.25 


0.25 


Serum total cholesterol {mgldi) 


125 


70 


65 


86 


Serum neutral fat {mgtd\) 


275 


153 


112 


188 



The results achieved by the test groups are expressed in mean values. The diet efficiency was calculated 
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from Equation 2. 

« s.e„ ta., T=bl= 17. 'l-fV? ™ chotesKnl value and 

ingly. sample B was further tested clinically. 
Experimental Example 12 

Clinical test _ inn™f of water and the solution was orally administered to 10 persons 

.rerraXr^^srr.:^^^^^^^ 

shts tie results obtained as exp^ssed in the umt of mg/dl. 



Table 18 



Item 



Total cholesterol 



HDL-cholesterol 



40- 65 



67-172 



Before administration 



_ 



275 



After administration 



TablelSrevealsthattheadminlstrationofthesampleBa^^^^^^^^^^^^ 

rs?rrrrb2?j:KC^^^ 

^mpTe thas a remarkable affect in improving serum iip-d metabol«m. 
Experimental Example 13 

'"sulin ^ «u«,ied that the blood sugar value of 98.3 mg/dl on average and 

An experiment conducted with 36 rats revealed ^^^^^^ increased to the highest levels of 

the insulin secretion of 18^5 ^U/m^ on was orally given to the rats in 

159 mg/dl and 82.4 nU/mf on ^^^^^a^'^^^P^^^^^X' ^° ^^^^^ 120 minutes thereafter. How- 
anamountof 1.5 g//cg body weight and loweredtother^^^^^ 

ever.additionofthesampleBandCtotheghio^^^^^ 

of glucose) resulted In smaller increases 30 minutes ^"^^ ^^"''"^^^ ^^^.^ of insulin seoBtion there- 

Ex perimental Example 14 

'Sg?^,ucose.50gof..ucosead,^^^^^^^^^ 

Ith after fasted for 24 hours. Blood sugar value/nd value^onn ^^^^^ ^^^^^^ ^^^.^^ 



health after fasted 

iS. Test for each sample were 



executed 7 days interval 
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Blood sugar (mg/dl) 


Insulin secretion (nU/m/) 


Glucose 50g 


125 


41.8 


Glucose 50g + Sample B 20g 


126 


25.8 


Glucose 50g + Sample C 20g 


133 


28.1 



Table 19 reveals the sample B and C has an activity to prevent the Increasing of insulin secretion. 
Summary of Results of Experimental Data Analysis 

To sum up the foregoing results of experimental data analysis, the product of the invention obtained by 
hydrolyzing pyrodextrin w^ith alpha-amylase and giucoamylase distinctly differs from Itnown pyrodextrins with 
respect to the following. More specifically stated, the fraction of the present dextrin other than glucose has 
the following features. iai»i. 

(1) The content of indigestible component is max 94.5%. and the dietary fiber content is max 26.5%. With 
the fraction of oligosaccharides further removed, the firaction maximally contains 85.8% of dietary fiber 
and is minimally 1 .75 kcal/g in caloric value 1 and 1 .1 7 kcal/g in caloric value 2. 

(2) In MN the fraction is about 500 to about 1000 as compared with conventional pyrodextrins which are 
at least 1450. The theoretical yield is at least about 39% In the case where MWMH is at least 25. The 
contents of indigestible component and dietary fiber increase in proportion to the value-MW/IWIN. and the 
caloric value decreases in inverse proportion thereto. 

(3) In the content of glucose residues having 1^ 4 glycosidic linkage, the fractton is about 25 to about 
30% against about 54% of known pyrodextrins. 

(4) In the content of glucose residues having 1^ 6 glycosidic linkage, the fraction is about 10 to about 
11 % against about up to 6% of known pyrodextrins. 

(5) In the content of glucose residues having 1^ 3 glycosidic linkage, the ft-action is about 7 to about 1 4 /o 
against about u p to 2% of known pyrodextrins. 

(6) As represented by Equation 1. the content of glucose residues having both 1-> 4 and 1-»- 6 glycosidic 
linkages has dose correlation with the MN of the firaction. This means that there is dose correlation be- 
tween the content of glucose residues having both 1-» 4 and 1^ 6 glycosidic linkages and the proportions 
of indigestible component and dietary fiber formed. 

(7) When at least one-half of digestible glucose is removed from the hydrolyzate to obtain an indigestible 
fraction, the fraction contains at least 37.3% of indigestible component, 7.8% of dietary fiber and is up to 
3.11 kcal/g in caloric value 1 and up to 2.88 kcal/g in caloric value 2. 

(8) A starch other than potato starch. I.e.. corn starch or sweet potato starch, was treated under the same 
condition as potato starch. The content of glucose residue having both 1-+ 4 and 1-^ 6 glycosidic linkages 
and present In the product obtained was substituted In Equation 1 to calculate MN. A great difference of 
at least about -36% was found between the calculated value and the actual measurement This indicates 
that Equation 1 is true only with potato starch spedf ically. 

(9) An increase In the content of indigestible component results in an increased dietary fiber content and 
a reduced caloric value. 

(10) Furthermore, the indigestible dextrin, when ingested, is found effective for improving the internal en- 
vironment of the intestine and eliminating constipation and diarrhea as by giving a lower pH to the intenor 
of the Intestine and increasing the amounts of short chain fatty acids having an Intestine conditioning ef- 

(1 1 ) The dextrin further acts to diminish cholesterol and neutral fets among other serum lipids, consequent- 
ly preventing arterial sclerosis and hypertension. 

(12) Furthermore the dextrin has activity to reduce the insulin secretion. 

(13) Because of these effects, the indigestible dextrin of the present invention is very useful as a matenal 
for alimentotherapy to accomplish the above purposes. 

The above experimental results show that the product of the invention Is a novel substance containing 
exceedingly larger amounts of indigestible component and dietary fiber and having a lower caloric value than 
conventional pyrodextrins. and greatly different from known pyrodextrins in structure. 

The Experimental data further indicates that the whiteness decreases in inverse proportion to the heating 
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tte separMlon. coiwnlly 40%. T.W. 12 show. th.t ths heal 



EXAMPLES 

Examples of the present invention wH! be given below. 
Example 1 



♦s»,.„rr«iB«trinr2000lcoUo prepare a solution, which was then adjusted 
Water (4000 liters) was added to the P^^^^JJ" addition of 0.1 wt % of alpha-amylase 

to a pH of 6.0 with 20% aqueous solution of ««1'7^ j'f ^jj^^^^^ hydrolyzed at 90»C for 1 hour. The 

hydrolyzale was t'^^" ^"^"''J^tf ^f/^^S s sTd for 40 hours with 0.1 wt. % of glucoamylase 

to a temperature of 57-C. adjusted to a pll of 5 5 and 'n^'^V^ hydrolyzate was adjusted to a pH of 3.6 lo In- 
(praduct of Daiwa Kasei Co., Ltd.) ff'^'^^'^'^-J^^.^T^^^^^ carbon, f iltered, desalted with ion 
acth^ate the glucoamylaze. The hydrolyzate was ''^^'^^^^^^'^zTZr f^rtion of the solution was 
exchange resins and thereafter -^"'f "'^.^^ *° ;„^^^^ device paclced with 1 0 liters 

passed ateooc atSV 0.25 '^'^^^'^ '"^^^Tj^^l^^^ <«tton exchange resin of the 

of XFS-43279.00 (pn>duot of Dow Chem^l Japan) v^^^^^ 

r„»rfSrT^L^=^^^ 

4kg of an indigestible dextrin having a moisture content of 4.1%. 



Example 2 



„.p^^C^wasp^-^^ 
°'^^';:Ser(3O0O,ite.)was added to tnepymdexbln^^^^^ 

to a PH 6^0 With 20O/. ^-^"-""<;^;;;x??'^^^^^^^ ""'""^^^ "^S 

MAIVIYL60L. product '"^'.^jL^.r!^^ thereafter discharged into the atmosphere, cooled 

hydrolyzate was tlien ^"°JJ^o added thereto. The resulting hydrol- 

to 86=C and hydrolyzed for 20 m>n"te^ wth ^'Of «^ J^^^ hydrolyzed for 36 hours with 0.2 wL 

yzate was cooled to a temperature °^55»C. adjusted to a pm ot o^^^ J J' hydrolyzate was adjusted 
Tofglucoamylase (product of DaiwaKase.C^_.^^^^^^^^^ 

to a pH of 3.5 to inactivate the glucoamylaze. M^'^^^e ^^^^ potassium-type AM- 

1 and further treated in the same '^^^^ S sS«y acWfc ion exchange resin, whereby an in- 
BERLITE IR-118 (P^^'^-^^f ''^P^" If 50% and then spray- 

s."s?orga;oT^^^^^^^^^ 
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Example 3 

Commercial potato starch (2500lrg) was placed into a ribbon mixer, and 100 liters of 3% hydrochloric acid 
solution was sprayed onto the starch with use of pressurized air while rotating the mixer. The mixture was then 
passed through a disintegrator to obtain a uniform mixture, which was thereafter aged in the ribbon mixer for 
10 hours. The mbcture was ptedried to a moisture content of about 3% by a flash drier, subsequently continu- 
ously charged into a converter of the rotary Idin type and heat-treated at ISCC for 25 minutes to obtain a py- 
drodextin. 

Water (5000 liters) was added to the pydrodextrin (2000frg} to prepare a solution, which was then adjusted 
to a pH of 5.8 with 20% aqueous solution of sodium hydroxide. With addition of 0.15 wt % of aipha-amylase 
(TERMAIWIYL SOL, product of NOVO Industry Co.. Ltd.). the solution was hydrolyzed at SS^C for 1 hour. The 
hydrolyzate was then cooled to a ten^erature of 55<"C. adjusted to a pH of 5.6 and hydrolyzed for 36 hours 
with 0.1 wL % of glucoamylaze (product of Daiwa Kasei Co.. Ltd.) added thereto. The resulting hydrolyzate 
was adjusted to a pH of 3.5 to inactivate the glucoamylase. The hydrolyzate was thereafter treated in the same 
manner as in Example 2, giving about Akg of an indigestible dextrin having a moisture content of 4.5%. 

Example 4 

Commercial potato starch (25O0fcg) was placed into a ribbon mbcer, and 376 liters of 0.5% hydrochloric acid 
solution was sprayed onto the starch with use of pressurized air while rotating the mixer. The mixture was then 
passed through a disintegrator to obtain a uniform mixture, which was thereafter aged in the ribbon mixer for 
8 hours. The mixture was predried to a moisture content of about 4% by a flash drier, subsequently continuously 
charged into a converter of the rotary kiln type and heat-treated at 1 BS-C for 1 5 minutes to obtain a pyrodextrin. 
Water (4000 lllera) was added to the pyrodextrin (2000 kg) to prepare a solution, which was then adjusted to 
a pH of 6.0 with 20% aqueous solution of sodium hydroxide. With addition of 0.1 wL % of aipha-amylase (TER- 
MAMYL60L, product of NOVO Industry Co., Ltd.), the solution was hydrolyzed at 82''C for 1 hour. The hydrol- 
yzate was then autoclaved at 125°C for 10 minutes, thereafter discharged into the atmosphere, cooled to a 
temperature of 57''C, adjusted to a pH 5.5 and hydrolyzed for 36 hours with 0.1 wt% of glucoamylase (product 
of Daiwa Kasei Co., Ltd.) added thereto. The resulting hydrolyzate was adjusted to a pH of 3.6 to Inactivate 
the glucoamylase. The hydrolyzate was refined and concentrated in the same manner as in Example 1 to obtain 
a 52% solution. A 20 liter portion of the solution was passed at SO-C at SV 0.3 through the column of a con- 
tinuous chromatographic device packed with 10 iitera of DIAION SKK-116 (product of Mitsubishi Chemical In- 
dustries, Ltd.), which is a strongly acidic cation exchange resin of the sodium type. Subsequently, water was 
passed through the column to separate off 71% of glucose formed and obtain an indigestible fraction. The 
fraction was concenb^ted to obtain about Bkg of a liquid indigestible dextrin having a concentration of 70%. 

The solutions obtained in Examples 1 to 4 before the separation procedure were checked for glucose con- 
tent, and the indigestible dexlrins obtained in these examples were analyzed to determine the glucose content, 
amount (%) of glucose removed, contents of various glycosidic linkages (determined by "Hakomori's methy- 
lation method") and content oif indigestible component The fraction of each of these dexlrins other than glu- 
cose was also analyzed to determine the indigestible component, MN as actually measured, MM as calculated 
from Equation 1. variation of the calculated value from the measured value and MW/MNl. The results are col- 
lectively listed in Table 20, which also shows the whiteness of each pyrodextrin. 

Although, the appearent glucose separation persentages in these four examples are 98.0%, 91 .5% 88.3% 
and 71.1%, respectively. 
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T.eva.a«onson.e calculated v^uesjo.^^^^^^ 

The indigestible dextrin of the present mvent^n « "^ble to almc«t .^^.^ 
herein refere collectively to foods for man and ^ff^^ and is usable also as a low 

gestible dextrin is preparedfioms^rc^^^^^^^ 

calorie bulking agent in foods, so that it is "^"f ^"^ liquid or powdery beverages such as 
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dies such as wheat noodles. Chinese aoodles and buckwheat noodles; pasta such as spaghetti, macaroni and 
fettuccine- confectionery such as candies, chocolate and chewing gum; doughnut, potato chips and like fined 
cakes or foods; Ices such as ice cream, shakes and sherbets; dafly products such as cream, cheese, milk pow- 
der condensed milk, creamy powder, coffee whitener and milk beverages; chilled desserts such as custard 
pudding, yoghurt drinkable yoghurt, jelly, mousse and Bavarian; retorted pouched or canned foods such as 
soups, stew, gratin and curries: seasonings such as bean paste, soy sauce. Woroeter sauce, ketchup, mayon- 
naise, dressing, bouillon and roux; processed meat products such as ham. sausage, hamburger, meat ball and 
corned beef, and these products as frozen; frozen processed foods such as pilafe. croquettes, omelete and 
doria; processed fishery products such as artificial boiled crab paste and boHed fish paste; processed agn- 
cultural prolucts such as dried mashed potatoes, jam. marmalade, peanut butter and peanut; others including 
food boOed down in soy, rice cakes, rice snacks and fast foods; alcoholic beverages such as wines, cocktails, 
fizzes and liqueur; etc. . . , ..u 

However, the dextrin Is difficult to use in emulsified foods of the W/O type, such as margarin. since the 
dextrin incorporated therein is liable to separate off during preservation. 

Further when serving as a low calorie bulking agent, the dextrin can be added to the food of the inventtonin 
in an amount which is not limited insofar as the quality of the fbod is not Impaired However, if adults in good 
health take the low calorie bulking agent in an amount of 2g/kg body weight by way of foods of the invention, 
diarrhea will occur In half of them, so that the amount of the agent to be taken is preferably not greater than 
half of this value, i.e.. up to about 1gy?fSr body weight 

Nevertheless, since the influence on physiological activities differs firom person to person, it is most desirable 
to alter the amount in view of the effect achieved by the Ingestion of the low calorie foods. 

To check the indigestible dextrin for characterisltlcs when It Is used in foods, chiefly the product of Example 
6 was used In the foolowing experiments to obtain characterisitic dats. 



25 Experimental Example 15 

A sensory test was conducted to determine the sweetness of the Indigestible dextrin in comparison vir 
that of other saccharides and mallodextrin of DE10. with the sweetness of sucrose taken as 100. Table 
shows the result 
^ Table 21 



Sample 


Sweetness 


Sugar 


100 


Glucose 


65 


Sorbitol 


50 


Maltodextrin(DEIO) 


10 


Example 1 


10 


Example 3 


15 


Example 4 


20 



The indigestible dextrin is about 10 in sweetness, tasting slightly sweet 



Experimental Example 16 

A 30% solution of Indigestible dextrin was checked for viscosity at temperatures of 10 to 80»C using a 
Brookf ield type vlscoslmeter. FIG.1 shows the result along with the corresponding values of sucrose, gum ara- 
ble and maltodextrin. 

The symbols in FIG.1 stand for the following. 
• : indigestible dextrin of Example 1 
A : sucrose 
■ : maltodextrin 
O : gum arable 
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The indigestible dextrin is comparabletomaltodextrinlnyosc^s^ 
trin is usable in foods without entailing a great Increase In viscosity. 

Experimental Example 17 

Experimental Example 18 

able for use in firozen fbods. 
Pxoerimental Example 19 

Freezing point depression solutions of indigestible dextrin for freezing 

poinrd"eprSrnrr;5hrr"^^^ 

^?h^iS?s«bledextrinisgene«.ly^^^^^ 
, point depression and is therefore suited to use in ices and the lil«. 

Ex perimental Example 20 

*'^*r„SrrreS"o?S^^^^^^^ R.H.52% and R.H. 32% are indicated at (1). (2) and (3). re- 

„ ^^^teiatercontentoftheindigestibiedextrin willnotexceed 18% even if preserved for a long period of 
time. T^e indigestible dexWn Is therefore suited to use in powdery foods. 

Fynerimental Example 21 

(5 Mixography !„H;««<rfihi6 dextrin for use In Itoods having wheat flour incorporated 

To investigate the behavior of the mdigestibie dexmn ror use m . ,ts. fiG.7 shows 
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Table 22 







Control 


Sugar 


Example 1 


Hard flour (g) 


35.0 


35.0 


35.0 


Sugar (g) 




1.75 




Example 6 (g) 






1.75 


Water (g) 


26.0 


25.5 


25.5 


Ratio of water added (%) 


74.3 


72.9 


72.9 


Developping time (min) 


4.5 


4.0 


5.5 



In the case where the indigestible dextrin was used in place of sucrose, the mix became viscoelasticwith 
a 1 .5 minute delay. It was therefore found necessary to lengthen the dough mixing time, to age the dough for 
a longer period of time or to add the indigestible dextrin during mixing. 

Examples of foods embodying the invention will be described next The indigestible dextrin used will be 
referred to by the number of example in which it was prepared. The amounts of ingredients and dietary fiber 
are expressed in grams. 

Example 5 

Food example 1 

Black tea of the composition given in Table 23 was prepared. 



Table 23 



Black tea 


Control 


Example 


Black tea extract 


97.0 


97.0 


Sugar 


3.0 


3.0 


Dextrin (Example 3) 




8.0 


Dietary fiber 


0 


1.66 


Dietary fiber/240g 


0 


3.69 



Example 6 

Food example 2 

Cola drink of the composition gWen in Table 24 was prepared. 
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Control 


Example 


Sugar 


10.0 


10.0 


Cola base 


0.3 


0.3 


Citric acid 


0.05 


0.05 


Soda >water 


B9.65 


89.65 


Dextrin (Example 1) 




10.0 


Dietary fiber 


0 


3.40 


Dietary fiber/240sr 


0 


7.42 



Example 7 

Table 25 



25 


Orange juice (30%) 


Control 


Example 




Orange juice concentrate (BX.45) 


6.7 


6.7 




Sugar 


8.1 


8.1 


30 


Citric acid 


0.3 


0.3 




Sodium citrate 


0.1 


0.1 




Orange flavor 


0.3 


0.3 


35 


Water 


• 84.5 


84.5 




Dextrin (Example 1) 




4.0 




Dietary fiber 


0.07 


1.43 


Dietary fiber/240g 


0.17 


3.30 



TiSdrinic was prepared by mixing ail ingredients witi, water acco«ling to tt,e .ecipe of Table 26 and 
sterilizing ttie mixture by lieating. 
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Table 26 





Sports drink 


Control 


Example 


5 










Vitamin C 










02^ 


0.03 


10 


Magnesium chloride 




0.2 




Calcium Iactat6 








Citric acid 


2.4 


2.4 


IS 


Sodium citrate 




1.7 




Flavor 


20 










800 


20 


Fructose 


12.94 


12.94 




Water 


1500.0 


1500.0 




Dextrin (Example 1) 




55.0 


25 


total 


1600.0 


1655.0 


Dietary fiber 


0 


18.7 


Dietary f il)er/2409 


0 


2.71 



30 

Example 9 



According to the recipe of Table 27. a mflk shake was prepared by mixing all ingredients with water, heati ng 
^ the mixture to 80"C for dissolving, homogenizing the butter by a homogenizer. aging the mixture overnight at 
5-C, then freezing the mixture, thereafter rapidly cooling the mixture to -40''C and fully shaking the mixture. 



so 



55 



33 



( • 

EP 0 540 421 A1 

Table 27 



Milk siiake 


Control 


Example 


Butter 


7.0 


2.0 


Skimmed milk 


9.1 


5.2 


Dextrin (Example 3) 




17.65 


Sugar 


90 


0.05 


Aspartame 




Milk flavor 




0.1 


Butter flavor 




0.1 


Sorbitol 


4.0 


4.0 


Emulsifier 


0.7 


0.7 


Water 


70.2 


70.2 


Dietary fiber 


0.08 


3.70 


Dietary fiber/250g 


0.20 


9.25 


Caloric val.1 (KCal/100g) 


134 


88 


Caloric val.2(KCal/100g) 


134 


7« 



Example 10 



to -40"'C. 



so 



55 
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Table 28 





Icecream 


Control 


Example 


5 






5.0 








5.0 






12.0 




10 


Dextrin (Example 1) 




26.77 




Emulsifier 








Milk flavor 






IS 


Cream flavor 












57.5 




Aspartame 




0.03 


20 


Sorbitol 

Maltodextrin (DE 8) 


7.0 


5.0 




Dietary fiber 


0.07 


9.15 


2S 


Dietary fiberyiSOg 


0.11 


13.73 




Caloric val.1(KCal/1009) 


216 


123 




Caloric val.2 (KCal/100g) 


216 


108 



30 

Example 11 



"^""Aorardklg to the recipe of Table 29, skimmed milk, as fermented and ground, was muted with other ingre- 
^ dients. and the mature was treated by a homogenizer to prepare a yoghurt drink. 

Table 29 





Yoghurt (Soft) 


Control 


Example 


40 


Fermented skimmed milk 


38.0 


38.0 




Sugar 


13.0 


13.0 




Stabilizer 


0.35 


0.35 


45 


Havor 


0.05 


0.05 




Water 


48.6 


38.6 




Dextrin (Example 4) 




10.0 


50 


Dietary fiber 


0.03 


1.17 


Dietary fiberlMOg 


0.07 


2.81 



Example 12 
Food example 8 

35 



(' 
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Yoghurt (Hard) 




Example 


Skimmed milk 




87.0 


Sugar 


13.0 




Dextrin (Example 1) 




13.0 


Sisvioside 




0.05 


Flavor 


Small amt 


Small amt 


Gelatin 


Small amL 


Small amL 


Dietary f iber 


0.07 


4.49 


Dietary fiber/1 50g 


0.11 


6.74 


Caloric val.1 (KCaUIOOg) 


78 


52 


Caloric valJ2(KCal/100g) 


78 


45 



Example 13 
Food example 9 



In oil, mixing togeth« 
drying the emulsion. 



Coffee whitener 


Control 


Example 


Hardened soy bean oil 


47.0 


47.0 


Corn sirup solid (DE 40) 


52.0 




Bmulsifier 


0.84 


0.84 


Cream flavor 


0.16 


0.16 


Dextrin (Example 2) 




52.0 


Dietary fiber 


0 


13.7 


Dietary flber/12g 


0 


1.65 


Caloric vaLI (KCal/100g) 


640 


541 


Caloric val.2 (KCal/IOOg) 


640 





Example 14 

lodexami 
Candy 



'""TaS^S^s prepared by d^solving the Ing-edients of Table 32 otherthan the flavoring in water, concen- 



EP 0 540 421 A1 

trating the solution to Bx 80°, boiling down the concentrate by an evaporator, cooling the resulting a 
to 40°C, admixing the flavor therewith and molding the mixture. 



5 


Candy 


Control 


Example 




Corn sirup 


44.4 


22.2 




Citric acid 


0.5 


0.5 


10 


Ravor 


0.1 


0.1 




Sugar 


55.0 


22.5 




Dextrin (Example 3) 




54.6 


IS 


Stevioside 




0.1 




Dietary fiber 


0 


11.3 




Dietary fiber/12g 


0 


1.36 


20 


Caloric val.1 (KCal/100g) 


362 


280 




Caloric val.2(KCal/100g) 


362 


252 



The ingredients of Table 33 other than the carbohydrates and flavor were placed into a ^n. heated for 
melting and thoroughly mbced together. Chewing gum was prepared by admixing the carbohydrates with the 
mixture as cooled to SCC. followed by addition of the flavor at 40-C. molding and standing for cooling. 



40 



45 



50 



55 



37 
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Table 33 



Chewing gum 


Control 


Example 


Poly-Vmylacetate 


22.0 


22.0 


Plasticizer 


2.5 


2.5 


Poly-isobutyrene 


2.5 


2.5 


Micro-crystalline wax 


20 


2.0 


Calcium carbonate 




3.0 


Sugar (powder) 






Dextrose 


20.0 




Dextrin (Example 2) 




66.7 


Aspartame 




0.3 


Flavor 


1.0 


1.0 


Dietary fiber 


0 


17.6 


Dietary f ibei/32g 


0 


5.63 


Caloric val.1 (KCal/100g) 
Caloric val.2(KCal/100g) 


263 
263 


138 
102 





Sweet cliocolate 


Control 


Example 




Bitter chocolate 


30.0 


30.0 


40 


Sugar 


55.0 






Dextrin (Example 1) 




54.7 




Aspartame 




0.3 


45 


cacao butter 


15.0 


15.0 




Dietary fiber 


0.0 


18.6 




Dietary fibet/100g 


0.0 


18.6 


SO 


Caloric val.1 (KCal/100g) 


479 


369 




Caloric val.2 (KCal/100g) 


479 


344 



Example 17 
Food example 13 



38 
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Accoixling to the recipe of Table 35. wheatflour. processed starch and egg yolk powder were admixed with 
a small amount of water. A solution of the other materials as dissolved in the remaining portion of water at 
80'C was added to the mixture while using a whip, and the resulting mixture was tailed on an intense fire to 
prepare custard cream. 



Table 35 



Custard cream 


Control 


Example 


Sugar 


14.0 


. 


Dexfapose 


10.0 




Corn sirup (DE 40) 


12.0 


6.0 




38.8 


38.8 


Dextrin (Example 3) 




33.9 


Stevioside 


. 


0.1 


Wheat flour 


4.0 


4.0 


Modified starch 


7.0 


7.0 


SIdmmed milk 


2.0 


2.0 


Margarine 


12.0 


8.0 


Egg yolk powder 


0.2 


02. 


Dietary fiber 


0.12 


7.14 


Dietary f iber/50g 


O.OB 


3.57 


Caloric vai.1 (KCal/IOOg) 


266 


200 


Caloric val.2 (KCal/IOOg) 


266 


183 



Example 18 



Food example 14 ^ ^ . ^ 

According to the recipe of Table 36. gelatin was dissolved in 25g of water, and all the other ingredients 
except aspartame were dissolved in the remaining portion of water. The solutions were cooled to 40-C, then 
all the ingredients welre mixed together, and the resulting mixture was refrigerated to prepare an orange jelly. 
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Table 36 



Orange geliy 


Control 


Example 


Sugar 






Dextrin (Example 2) 






Aspartame 








37.5 


37.5 




2.8 


2.8 


Orange juice 


31.2 


31.2 


Curagao 


10.4 


10.4 


Dietary fiber 


0.09 


4.84 


Dietary fiber/1 OOg 


0.09 


4.84 


Catoricval.1(KCal/100g) 


120 


85 


Caloric val.2(KCal/100g) 


120 


76 



Example 19 



Food example 15 

According to th 
by a mixer and ther 

ture. followed by cooling to prepare strawberry jam. 



strawberry jam 


Control 


Example 


Flesh strawberry 


60.0 


60.0 


Sugar 


40.0 




Dextrin (Example 1) 




40.0 


Pectin 


0.1 


0.1 


Citric acid 


0.1 


0.1 


Aspartame 




0.25 


Dietary fiber 


1.00 


14.6 


Dietary fIber/SOg 


0.46 


8.67 


Caloric val.1(KCal/1 cog) 


267 


147 


Caloric val.2(KCal/100g) 


287 


113 



40 
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was added to the mixture, followed by boBing down on a medium fire without scorching. When the apples 
came soft, the mixture was strained and further boiled down to Bx 70" to prepare apple jam. 

Table 38 



Apple jam 


Control 


Example 


Flesh apple 


60.0 


60.0 


Sugar 


19.4 


19.4 


Lemon juice 


2.2 


2.2 


Water 


18.4 


18.4 


Dextrin (Example 3) 




10.0 


Dietary fiber 


0.96 


3.03 


Dietary fiber/30g 


0.72 


1.68 



Example 21 



Food example 17 . . . . 

According to the recipe of Table 39. the whole amount of indigestible dextnn and stevioside were added 
to 30g of water to prepare a syrup, which was then heated. When the syrup became boiled up, bean paste 
was added thereto. The mbclure was boiled down to an amount weighing 100g to prepare bean jam. 

Table 39 



Bean jam 


Control 


Example 


Bean paste 


63.0 


63.0 


Sugar 


37.0 




Dextrin (Example 3) 




36.77 


Stevioside 




0.23 


Dietary fiber 


4.54 


12.2 


Dietary fiber/1 OOg 


4.54 


12.2 


Caloric val.1 (KCal/IOOg) 


240 


176 


Caloric val.2 (KCal/IOOg) 


240 


157 



Example 22 

Food example 18 ^ . . 

According to the recipe given in Table 40. 23.6g of water, indigestible dextrin and stevioside were added 
to agar swollen with water, and the mixture was heated for boiling and dissolving, strained and then boiled 
again, followed by addition of bean paste. The mbcture was boHed down to an amount weighing lOOg. then 
moled and cooled to prepare a sweet jelly of beans. 
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Table 40 



Sweet jelly of beans 


Control 


Example 


Bean paste 




42.0 


Agar-agar 




0.8 




72. 


7.2 




50.0 


- 


Dextrin (Example 3) 




49.7 


Stevioside 




0.3 


Dietary fiber 


3.02 


16.1 


Dietary f iberMOg 


1.21 


6.46 


Caloric val.1 (KCal/100g) 


257 


161 


Caloric val.2(KCal/100g) 


257 


135 



Example 23 



Food example 19 rf„^„ r» so" accordlnq to the recipe of Table 41 and 

water retentivtty of 2.7% increased to 7.0%. 

Table 41 



Cereal 


Control 


Example 


Cereal 


100.0 


80.0 


Dextrin (Example 3) 




40.0 


Dietary fiber 


2.90 


10.0 


Dietary fibBi/40g 


1.16 


4.01 


Caloric val.1 (KCai/IOOg) 


389 


317 


Caloric val.2 (KCal/100g) 


389 


297 



""""iSrlgtothe recipe given in Table42Mndigestible dextrin was uniformly 
ftirt^TS^deJtherewlth whfle adding water In small portions to prepare spaghetti. 
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Table 42 



Spaghetti 


Control 


Example 


Wheat flour 


100.0 


90.0 


Water 


30.0 


25.0 


Dextrin (Example 4) 




15.0 


Dietary fiber 


2.10 


3.60 


Dietary fiber/2009 


3.23 


5.54 



Example 25 

Food example 21 i j j 

The ingredients of Table 43 were fully kneaded together to obtain dough, which was then fermented and 
baked to prepare loaves of bread. 

Table 43 



White bread 


Control 


Example 


Wheat flour 


100.0 


95.0 


Water 


60.0 


56.0 


Baker's yeast 


3.0 


3.0 


Salt 


2.0 


1.5 


Sugar 


5.0 


4.5 


Skimmed milk 


4.0 


3.0 


Shortening 


6.0 


5.0 


Dextrin (Example 4) 




12.0 


Dietary fiber/1 BOg 


2.14 


3.39 



Example 26 

''°°Aorordi? g to the recipe of Table 44. milk and eggs were added to wheat flour, and the other ingredients 
were added to the mbcture with kneading to obtain unlfbrm dough, which was then molded and fHed In oD at 
160 to 180"C while turning the molded pieces upside down. The fried pieces were drained off the oil to obtain 
American doughnut 



43 
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Table 44 



Americsn douQh-nut 


Control 


Example 


Whest flour 


100.0 


90.0 


Sugar 


25.0 


22.5 


Egg (Whole) 




225 


Milk 




370 




4.6 


4.6 


Salt 


0.2 


0.2 


Lemon flavor 


0.2 


0.2 


Baking powder 


3.0 


3.0 


Dextrin (Example 4) 




20.0 


Dietary f iber 


2.21 


4.27 


Dietary f»ber/100jr 


1.11 


2.14 



prepare a replacerfbr wheat flour. 



Wheat flour replacer 


Control 


Example 


Soft wheat flour 


100.0 




Dextrin (Example 1) 




35.0 


Egg white 




10.0 






20.0 


Water 




Avicel 




20.0 


Hard wheat flour 




15.0 


Dietary fiber 


2.10 


32.3 


Caloric val.1 (KCal/IOOg) 
Catoric val.2 (KCal/1 OOg) 


368 
368 


157 
138 



Example 28 



190»Cfor 10 minutes, affording butter cookies. 
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Table 46 



Butter cookie 


Control 


Example 


Wheat f tour 


45.0 




Wheat flour replacer 




45.0 


Sugar 


21.0 




Dextrin (ExamplB 1) 






Stevioslda 






Shortening 


22.0 


15.9 


Water 


12.0 


12.0 


Dietary fiber 


0.95 


23.7 


Dietary f iberrsOg 


0.29 


7.12 


Caloric val.1(KCaI/100s) 


449 


267 


Caloiic val.2 (KCal/100g) 


449 


244 



Example 29 
Food example 25 

Aoconling to the recipe of Table 47. all ingredients including the flour replacer of food example 23 were 
mixed with water and treated with a whip for stirring and dissaving to obtain uniform dough, which was then 
baked at 180°C for 50 minutes to prepare a pound cake. 



Table 47 



Pound cake 


Control 


Example 


Wheat flour 


25.0 




Wheat flour replacer 
Sugar 


25.0 


25.0 


Dextrin (Example 3} 




33.4 


Stevioside 




0.1 


Egg (whole) 


18.0 


16.0 


Milk 


8.0 


8.0 


Shortening 


17.0 


8.5 


Water 


7.0 


7.0 


Dietary fiber 


0.56 


15.0 


Dietary fiber/1 OOg 


0.56 


15.0 


Caloric val.1 (KCal/IOOg) 


379 


222 


Catoric val.2 (KCal/IOOg) 


379 


200 



( 



Example 30 

Food example 26 ^ ^ ki» ar nil inaredients including the flour replacer of food example 23 were 

was baked at 180"C for 40 minutes to prepare a sponge calce. 

Table 48 



Sponge calce 


Control 


Example 


Wheat flour 


30.0 




Wheat flour replacer 




30.0 


Sugar 


35.0 




Egg (whole) 


35.0 


35.0 


Dextrin (Example 3) 




34.9 


Stevioside 




0.1 


Dietary f iber 


0.67 


17.0 


Dietary flber/100g 


0.67 


17.0 


Caloric val.1 (KCal/100g) 


302 


178 
1 ,54 


Caloric val.2 (KCal/IOOg) 


302 





Example 31 

Food example 27 ^„«fH™.nh was prepared by full kneading and repeated folding. The 

According to the recipe of TablB 4^^^ 



inner ingredient was boiled down until it 
and then baked to prepare an apple pie. 



Apple pie 


Control 


Example 


Soft wheat flour 


80.0 


70.0 


Hard wheat flour 


120.0 


110.0 


Butter 


180.0 


170.0 


Water 


109.0 


92.0 


Apple 


300.0 


290.0 


Sugar 


100.0 


100.0 


Cinnamon powder 


1.0 


1.0 


Egg yolk 


10.0 


10.0 


Dextrin (Example 4) 




57.0 


Dietary fiber 


9.01 


14.9 


Dietary fiber (1/6) 


1.50 


2.49 
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Example 32 
Food example 28 

According to the recipe of Table 50, corn cream soup was prepared by boiling corn in water until no unbooed 
portion remained, then adding the other ingredients and boUing down the mixture. 

Table 50 



Corn cream soup 


Control 


Example 


Milk 


19.8 


19.8 


Sweet corn 


18.4 


18.4 


Butter 


2.3 


2.3 


Wheat flour 


2.0 


2.0 


Salt 


1.0 


1.0 


Seasonings 


0.2 


0.2 


Spices 


0.2 


0.2 


Water 


56.1 . 


48.1 


Dextrin (Example 4) 




8.0 


Dietary fiber 


0.45 


1.36 


Dietary f iber/200gr 


0.90 


2.72 



Example 33 



According to the recipe given in Table 51 , spare rib was pan-fried and placed into another pan. Vegetables 
were also pan-fried and transferred onto the pan. Wheat flour and curry powder were panfrled into a brown 
roux. All the ingredients were boiled down In the pan to prepare a retorted curry. 



47 
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Table 51 



Retorted pauch curry 


Control 


Example 


Sp3re rib 


14.0 


13.0 


Salt 


0.5 


0.5 


Butter 


5.0 


5.0 


Water 




45.0 


Potato 






Onion 


120 






3.0 


2.0 


Wheal flour 


4.0 


4.0 


Curry powder 


0.5 


0.5 


Spices 


0.5 


0.5 


Dextrin (Example 1) 




5.0 


Dietary fiber 


0.62 


2.26 


1 Dietary fiber/200g 


1.24 1 4.52 



Food example 30 „eat was fullvpan-fried and then placed into another pan. Vegetables. 

According to the recipe of Table 52. meatj^s fiin^^^^^ ^^^^ ^.^^P 3 ^ ^ 



especially onions, were 



fully pan-fried. All the ingredients were tt 



45 



48 



BNSDOCID: ^FP 05W421A1_I_> 



EP 0 540 421 A1 



Table 52 







Control 


Example 


5 


Spare rib 








Salt 








Whost flour 






10 














9.7 




Potato 


136 


13.6 


IS 


Carrot 


5.8 






Green beans 


1.9 


1.9 




Seasoning (liquid) 






20 


Butter 


1.9 


1.9 




Tomato puree 


5.8 


5.8 




White pepper 


0.2 


0.2 


25 


Dextrin (Example 4) 




5.0 




Dietary fiber 


0.78 


1.35 


Dietary fibei/300g 


2.34 


4.05 



30 

Example 35 



Non-oil dressing was prepared according to the recipe of Table 53 by mixing liquid ingredients together 
and thereafter dissolving powder ingredients in the mixture. 



45 



49 



(• 
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Table S3 



^on-oi_ 


Control 


Example 


Vinegar 


33.0 


33 0 


Sugar 


2.0 




Salt 


0.5 




Soy-sauoe 


8.4 


8.4 


Seasoning (liquid) 


26.3 


26.3 


Corn sirup solid 


29.8 




Dextrin (Example 1) 




29.8 


Dietary fiber 


0 


10.1 


Dietary f iber/20g 


0 


2.03 


Caloric val.1 (KCal/100g) 
Caloric val.2(KCal/100g) 


155 
155 


96 
80 



Food exarnple 32 ingredients other than Xanthan gum were dissolved in water. 

According to the recipe of Table &4, powoer nigi cu. vineaar was added, and the mixture 

and the solution was heated to 80»C. Upon the to the mixture 

was treated by a homomixer driven at a medium speed while adding ^fj^d oil mjmail p^^^^ ^ ^ 
to obtain an emulsion. Xanthan gum w 
to prepare dressing of the emulsion type. 



s dissolved in the emulsion with the homomixer driver at a Ic 



35 


Dressing 


Control 


Example 




Salad oil 


28.0 


14.0 




Emulstar#30 


3.0 


3.0 


40 


Xanthan gum 


0.2 


0.2 




Vinegar 


17.0 


17.0 




Salt 


1.3 


1.3 


45 


Sugar 


2.7 


2.7 




Dextrin (Example 1) 




14.0 




Water 


47.8 


47.8 


50 


Dietary fiber 


0.20 


4.96 




Dietary fibei/20g 


0.04 


0.99 




Caloric val.1 (KCal/100g) 


282 


179 


55 


Caloric val.2 (KCal/IOOg) 


282 


172 



•Emulster#30" listed in TaWe 54 is a HpophBIc 



modified starch (product of Matsutani Chemical Industry 



EP 0 540 421 A1 



Co.. Ltd.). 
Example 37 

Food example 33 . . j n. 

According to the recipe of Table 55, powder ingredients were dissolved in water and vinegar, and egg yoiK 
was admixed with the solution. The mixture was treated by a homomixer driven at a mediumspeed whfle adding 
salad oil thereto in small portions for emulsification to prepare mayonnaise. 

Table 55 



Mayonnaise 






Salad oil 


68.0 


34.0 


Vinegar 


12.0 


11.0 


Egg yolk 


17.5 


10.0 


Salt 


1.5 


1.5 


Sugar 


1.0 


1.0 


Dextrin (Example 1) 




23.0 


Water 




19.5 


Dietary fiber 


0.02 


7.83 


Dietary f ibei/20g 


0.004 


1.57 


Caloric val.1(KCal/100g) 
Caloric val.2 (KCal/100g) 


696 
696 


397 
385 



Example 38 

Food example 34 ^. 

Peanut butter was prepared according to the recipe of Table 56 by crushing raw peanut, crushing the pea- 
nut with an attritor and admbcing other ingredients therewith. 

Table 56 



Peanut butter 


Control 


Example 


Peanut 


60.0 


40.0 


Palm oil 


40.0 


26.0 


Dextrin (Example 1) 




33.9 


Peanut flavor 




0.1 


Dietary fiber 


5.22 


15.0 


Dietary fibei/209 


1.04 


3.00 


Caloric val.1 (KCal/IOOg) 


705 


526 


Caloric val.2 (KCal/IOOg) 


705 


508 



51 
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, listed in the recipe of Table 57 were uniformly mixed together to prepare 



5 powder. 

Table 57 





Cheese powder 


Control 


Example 


10 


Cheese powder 


100.0 


40.0 




Dextrin (Example 2) 




59.9 




Cheese flavor 




0.1 


IS 


Dietary fiber 


o.eo 


16.1 




Dietary fibei/10g 


0.06 


1.61 




Caloric val.1 (KCal/100g) 


562 


340 


20 


Caloric val.2 (KCal/100g) 


562 


308 



Food example 36 _»»rf„,-.„WM,nnBtwerBaddedtoambctureof1ireshcream 
kneaded In an attritor and then cooled to prepare cream cheese. 



Cream cheese 


Control 


Example 


Resh cream 


100.0 


50.0 


Dextrin (Example 4) 




49.8 


Water 




14.8 


Lactobacillus starter 


1.0 


1.0 


Rennet 


0.01 


0.01 


Cheese oil 




0.1 


Cream flavor 




0.1 


Dietary fiber 


0.0 


5.68 


Dietary fibeiffiOg 


0.0 


1.14 


Caloric val.1 (KCal/IOOg) 


431 


314 


Caloric vai.2 (KCal/100g) 


431 


296 



'^'^^'^'^'''^i^^s prepared accordingtothe recipe ofTable 59 by pan-frying softwh^^ 
,nlxingotherin:r::ie:^fh^;«h and Ling downthem^^^ 



White sauce w 
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Control 


Example 




8.0 


4.0 


Dextrin (Example 3) 




4.0 


Water 






Soft wheat flour 


12.0 




Hard wheat flour 










32.0 


Milk flavor 




0.1 


Seasoning (liquid) 


13.9 


13.9 


Salt 


1.0 


1.0 


White pepper 


0.1 


0.1 


Dietary fiber 


0.38 


1.08 


Caloric val.1 (KCal/IOOg) 


143 


91 


Caloric val.2 (KCal/100g} 


143 


89 



Example 42 

^'^Meatlau<^l^as prepared according to the recipe of Table 60 by pan-frying minced pork, onions and ^r- 
rots m fat. pan-frying these ingredients again with additfon of wheat flour, admixing other ingredients with the 
mixture and boiling down the resulting mixture until the mixture became thickened. 
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Table 60 



Meat sauce 


Control 


Example 




Poke (minced) 


10.0 


10.0 




Fat (cow) 


5.0 






Dextnn (Example 1) 




5.0 






16.0 


16.0 






28.2 


28.2 




Carrot 


6.0 


6.0 




Tomato ketchap 




85 




Tomato puree 








Apple (boiled) 




12.5 




Sugar 


1.7 


1.7 




Salt 


0.8 


0.8 




Spices and seasonings 


1.8 


1.8 




Wheat flour 


1.0 


1.0 




Dietary f iber 


0.95 


2.65 




Dietary flber/100g 


0.96 


2.65 




Caloric val.1 (KCal/100g) 


110 


82 




Caloric val.2 (KCal/IOOg) 


110 


79 





Example 43 

Food example 39 »„^„ii„„ tn the recloe of Table 61 by crushing raw ingredients 
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Beef and poke sausage 


Control 


Example 


Beef 




22.0 






17.29 


's^it 


1.7 


1.7 


Pickles 


To 




Sugar 








0.5 


0.5 


Spices 


0.5 


0.5 


Potato starch 


3.0 


3.0 


Poke (shoulder) 


54.0 


54.0 


Dextrin (Example 1) 




10.6 


Dietary fiber 


0.20 


3.60 


Dietary fiber/1 OOg 


0^0 


3.27 



Example 44 

^°°'(^edbetfyNas prepared from beef as held in a salt pickiing solution for 5 days and boiled at 115«C for 
90 minutes for the removal of waterand fat According to the recipe shown in Table 62. the other material was 
admixed with the beef to prepare a uniform mixture, which was then filled into a film bag, sterilized at 75 c 
for 60 minutes and thereafter refrigerated. 

Table 62 



Corned beef 


Control 


Example 


Beef (pickled and boiled) 


70.0 


70.0 


Fat (cow) 


30.0 


7.5 


Dextrin (Example 3) 




15.0 


Water 




7.5 


Dietary fiber 


0.42 


3.53 


Dietary f iber/SOg 


0.21 


1.77 


Caloric val.1 (KCal/100g) 


307 


172 


Cak>ricval.2 (KCal/IOOgr) 


307 


164 



Example 45 

A^rding to'the recipe of Table 63. onions and beef were minced and mixed with all the other ingredients, 
and the mixture was uniforrriy kneaded and molded. The molded piece was griddled on iron plate at 180<>C 
over each side for 30 seconds, then boiled at 100°C for 10 minutes, cooled and thereafter frozen to obtain a 
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liozen hamburger. 

Table 63 



Hamburg steak 


Control 


Example 


Processed meat (minced) 


38 8 


38.8 


Fat (cow) 




7.0 


Dextrin (Example 3) 




14.0 


Water 




5.0 




18.0 


18.0 


Fresh crumb 


10.0 


8.0 


Starch 


10.0 


8.0 


Seasonings and spices 


1.2 


1.2 


Dietary fiber 


0.56 


3.40 


Dietary fiber/200g 


1.12 


6.60 


Caloric val.1 (KCal/IOOg) 
Caiioric val.2 (KCal/100g) 


350 
350 


253 
246 



Example 46 

Food example 42 .„ fh» n»oina of Table 64 by crushing the Ingredients into a mbc- 



cutting the mixture into slices. Smm in thickness, by a 

Table 64 



Hamburger putty 


Control 


Example 


Beef 


45.0 


45.0 


Poke 


27.5 


27.5 


Fat (cow) 


12.5 


12.5 


Onion 


10.0 


10.0 


Spices 


0.5 


0.5 


Salt 


1.0 


1.0 


Sugar 


1.0 


1.0 


Egg (whole) 


2.5 


2.5 


Dextrin (Example 1) 




10.0 


Dietary fiber 


0.45 


3.85 


Dietary f iber/60g 


0.27 


2.10 
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Example 47 
Food example 43 

Liver paste was pre-pared according to the recipe of Table 65 by boiling liver, beef and belly at 1 00°C for 
5 seconds, then crushing these ingredients, mixing them with the other ingredients, boiling the mixture at 80°C 
w'lth full stirring and reftigerating the mixture. 

Table 65 



Liver paste 


Control 




Liver 


28.0 


28.0 


Beef 


10.0 


10.0 


Beef (belly) 












Dextrin (Example 1) 




20.0 


Water 




4.19 


Soup 


8.0 


8.0 


Spices 


2.3 


2.3 


Salt 


2.0 


2.0 


Sodium nitrite 


0.01 


0.01 


Dietary fiber 


0.41 


7.15 


Dietary fibei/309 


0.12 


2.15 


Caloric val.1 (KCal/IOOg) 


341 


226 


Caloric val.2 (KCal/IOOg) 


341 


216 



Example 48 
Food example 44 

The dough ingredients listed in Table 66 were fully kneaded together, then fermented at40''Cfor30 minutes 
in a heat-insulated device and cut into pieces of suitable size, which were spread out with a needle rod. The 
Ingredients for a pizza sauce were thoroughly mbced together and used after standing for at least 1 hour. The 
sauce was applied to pizza crust followed by baking in an oven at about 230"C for 1 2 minutes to prepare pizza. 
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Table 66 



Pizza (8 sheets) 


Control 


Example 


Hard wheat flour 


300 0 


300.0 


Soft wheat flour 


2000 


200.0 


Dried yeast 


100 


10.0 


Egg (whole) 


1000 


100.0 


Water 




180.0 


Salt 




8.0 


Olive oil 




18.0 


Sugar 


2.0 


2.0 


Tomato (boiled) 


400.0 




Tomato paste 


10.5 






15.0 


15.0 


Salt 


5.2 


5.2 


Spices 


2.0 


2.0 


Olive oil 


30.0 


30.0 


Dextrin (Example 4) 




60.0 


Dietary fiber 


14.1 


20.5 


Dietary fiber/sheet 


1.7C 


2.56 



Food example 45 «#Tahio r7 hw dissolvina indigestible dextrin in mDk, ad- 



Omiett 


Control 


Example 


Egg (whole) 


90.0 


90.0 


Milk 


30.0 


20.0 


Salt 


1.0 


1.0 


Pepper 


0.2 


0.2 


Salad on 


3.0 


3.0 


Butter 


4.0 


4.0 


Dextrin (Example 4) 




10.0 


Dietary fiber 


0.15 


\ 1.27 



EP0540421 A1 



Example 50 



The materials listed in Table 68 were crushed and mixed together in a raw state to obtain a meat pie in- 
gredient, which was then wrapped with pie dough, followed by baking in an oven at 200-C for about 30 minutes 
until the baked mass became colored by scorching to prepare a meat pie. 

Table 68 



Filling of meat pie 


Control 


Example 


Poke (minced) 




20 0 


Lard 




60 


Butter 






Dextrin (Example 1) 


- 


13.0 






20.5 


Milk 


30.0 


15.0 


Milk flavor 




0.1 


Crumb 


14.5 


14.5 


Egg (whole) 


8.0 


8.0 


Spices 


0.3 


0.2 


Salt 


1.2 


1.2 


Dietary fiber 


0.46 


4.85 


Dietary fiber/50g 


0.23 


2.43 


Caloric val.1 (KCal/100g) 
Caloric val.2(KCal/100g) ' 


330 
330 


209 
202 



Example 51 
Food example 47 

A steamed Chinese dumpling stuffed with minced pork and frozen was prepared according to the recipe 
of Table 69 by mincing the vegetables listed, mixing them with the other materials after removal of water to 
obtain an inner Ingredient and wrapping the ingredient with a covering, followed by steaming at 100»C for 5 
minutes, then by cooling and thereafter by freeing. 
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Table 69 



Filling of Chinese dumpling 


Control 


Example 


Poke (minced) 


20.0 


20.0 


Urd 


10.0 


4.0 


Dextrin (Example 3) 


- 


3.5 


Water 




2.5 


Chinese cabage 


16.0 


16.0 


Cabage 


25.0 




Welsh onion 






Onion 


U.O 


14.0 


Seasonings and spices 


8.0 


8.0 


Dietary fiber 


0.8B 


1.60 


Dietary fiber/80g 


0.70 


1.28 


Caloric val.1 (KCal/100g) 


163 


126 


Caloric val.2 (KCal/IOOg) 


183 


124 



Example 52 
Food example 48 



fried kamaboko. 





Kamaboko 


Control 


Example 


40 


Surimi 


65.0 


65.0 




Salt 


1.8 


1.8 




Ice 


25.4 


25.4 


45 


Starch 


6.0 


6.0 




Seasonings 


1.8 


1.8 




Dextrin (Example 1) 




5.0 


SO 


Dietary fiber 


0.65 


2.35 


Dietary fiber/1 20g 


0.78 


2.82 



S5 Example S3 

Food example 49 
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A blackberry liquor was prepared according to the recipe of Table 71 by immersing blackberries In 
spirits for 40 days, discarding the blackberries and then aging the spirits for 2 months. 

Table 71 



Black berry liquor 


Control 


Example 


Black berry 


57.0 


57.0 


Sugar 


34.2 


15.0 


Dextrin (Example 2) 




19.1 


Aspartame 




0.1 


White liquor (70 pre>oO 


65.8 


65.8 


Dietary fiber 


0 


5.04 


Dietary fiber/1 OOg 


0 


5.04 



Example 54 

Feed example 1 

Dog food was prepared according to the recipe of Table 72. 

Table 72 



Dog food 


Control 


Example 


Corn 


25.0 


25.0 


Wheat and wheat flour 


24.0 


24.0 


Born and meat meal 


16.3 


16.3 


Soy bean waste 


14.4 


14.4 


Fish meal 


4.B 


4.8 


Wheat germ 


2.9 


2.9 


Yeast 


2.9 


2.9 


Animal fat 


3.8 


3.8 


Vitamins and minerals 


5.9 


5.9 


Dextrin (Example 1) 




10.0 


Dietary fiber 


4.70 


8.10 



Feed example 2 

Gat food was prepared according to the recipe of Table 73. 
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Table 73 



Cat food 


Control 


Example 


Corn 




28 4 


Wheat flour 


27.3 


27.3 


Brewer's yeast 


3.3 






3.3 


3.3 


Soy bean waste 


16.4 


16.4 


Fish meal 


0.5 


0.5 


Meat meal 


18.6 


18.6 


Vitamins and minerals 


2.2 


2.2 


Dextrin (Example 1) 




10.0 


Dietary fiber 


5.43 


1 8.83 



Example 56 

•""t^foJ Pigs was p^pared according to the recipe of Table 74. 



Table 74 





Pig feed 


Control 


Example 


30 1 


Corn 


75.0 


75.0 




Soy bean waste 


11.0 


11.0 




Bran 


3.0 


3.0 


35 


Fish meal 


9.0 


9.0 




Calcium tri-phosphate 


0.7 


0.7 




Calciumm carbonate 


0.6 


0.6 


40 


Salt 


0.3 


0.3 




Vitamins 


0.2 


0.2 




Minerals 


0.2 


0.2 


45 


Dextrin (Example 1) 




10.0 




Dietary f iber 


6.95 


10.4 



Example 57 

'"rf.'^t%milers in the initial stage was prepared according to the red^ 
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Table 75 





Feed for brofler 


Control 


Example 


5 


Corn 


44.65 


44.65 




Milo 


10.0 


10.0 




Soy bean waste 


23.0 


23.0 


10 


Fish meal 


9.0 


9.0 




Gluten meal 


3.0 


3.0 




Alfalfa meal 


2.0 


2.0 


IS 


Corn distiller's dried solubles 


1.0 


1.0 




Animal fat 


5.1 


5.1 




Salt 


0.25 


0.25 


20 


Calcium carlionate 


0.6 


0.6 




Calcium di-phosphate 


0.8 


0.8 




Lysine 
Methionine 


0.05 
0.18 


0.05 
0.18 


2S 










Vitamins 


0.1 


0.1 




Choline chloride 


0.05 


0.05 


30 


Minerals 


0.1 


0.1 




Nicarbazin 


0.05 


0.05 




Oxytetiacydine 


0.07 


0.07 


35 


Dextrin (Example 1) 




10.0 




Dietary fiber 


7.54 


10.9 



Example 58 
Feed example 5 

A feed for laboratory rats was prepared according to the recipe of Table 76. 
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Table 76 



casH -fWr lahnnatorv rat 
r©60 TOT laDoraHJi y la"- 


Control 


Example 


Wheat 


12.4 


12.4 






1B.6 


Oat 




Corn 


10.3 


10.3 


Barley 




34.1 


Bran 


3.1 


3.1 


Fish meal 


6.3 




Skimmed milk powder 


1.0 


1.0 


Alfalfa 


1.6 


1.6 


Molass 


1.0 


1.0 


Vitamins and minerals 


0.5 


0.5 


Others 


11.1 


11.1 


Dextrin (Example 1) 




10.0 


Dietary fiber 


6.221 9.62 



alms 

weight thereof being at least 25:1 . 
at least 7.8 % of dietary fiber, preferably 7.8 to 35.5 %. 



glucose is up to 1.5 kcal/g. preferably 1.5 to 2.0. in caloric value 2 and which in including glucose is up to 
2.9 kcal/g, preferably 1-0 to 3.5 in caloric value 2. 

An indigestible dextrin as defined in any one of claims 1 to 5 which has activity to diminish serum lipids. 
An indigestible dextrin as defined in any one of claims 1 to 5 as active agent for improving the intestine. 
An Indigestible dextrin as defined in any one of claims 1 to 5 as hypotensive agent 

9. An indigestible dextrin as defined in any one of claims 1 to 5 as active agent for preventing cancer of the 
large intestine. 

10. An indigestible dextrin as defined in any one of claims 1 to 5 as active agent for reducing the insulin se- 



8. 



cretion. 



11. A food containing an indigestible dextrin as defined in any one of claims 1 to 3. 

12. A food as defined in claim 11 which is a candy, cake, bakery product, ice. snack, beverage or yogurt 

13. Afood as defined in claim 11 which is a soup, mayonnaise, dressing, processed livestock meat product 
or processed fishery product 

14. A food containing an indigestible dextrin as defined in any one of claims 4 to 10. 
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(, 



Fig. 1 
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Fig". 2 




REACTION TIME (min) 
(P" 4.5) 
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Fig. 4 
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WATER CONTENT if^) 




71 



BNSDOCID: *EP ^OS40«1A1_1.> 




1A1_I_> 



EP 0 540 421 A1 



UNIT OF 
MIXO GRAPH 




CO 
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UNIT OF 
MIXO GRAPH 
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